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(57)Abstract: 

PURPOSE: To enhance chemical resistance and dimensional accuracy on a 
green sheet by imparting photosensitivity to the green sheet itself, curing the 
green sheet by irradiating with ultraviolet rays, and then forming a pattern of 
photosensitive paste on the green sheet. 



CONSTITUTION: A sheet slurry composition containing a cerannic powder, a UV- 
curing resin composition, and an ultraviolet ray absorbent is applied onto a 
support and dried thus preparing a ceramics green sheet. The ceramics green 
sheet is then irradiated with ultraviolet rays and via holes are made therein. 
Subsequently, a photosensitive paste is applied on the ceramics green sheet and 
dries before it is selectively exposed and developed to form a pattern. Since the 
ultraviolet rays are absorbed up to the lower part of the ceramic green sheet, 
chemical resistance and dimensional accuracy are enhanced. 
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CLAIMS 
[Claim(s)] 

[Claim 1] How to form a pattern on the ceramic green sheet characterized by 
including the process of the following (1) - (3). 

(1) The process which applies the sheet slurry constituent containing ceramic 
powder, a photo-setting resin constituent, and an ultraviolet-rays extinction agent 
on a base material, dries, and produces a ceramic green sheet, the process 
which performs exposure of ultraviolet rays, and formation of a veer hole to 
ceramic (2) this green sheet, the process which form a pattern for a 
photosensitive paste spreading, desiccation, and by exposing and developing 
negatives selectively on the ceramic green sheet with which (3) veer hole was 
formed. 

[Claim 2] How to form a pattern on the ceramic green sheet according to claim 1 
characterized by forming a veer hole by the alternative exposure of ultraviolet 
rays, and development in the above-mentioned (2) process. 
[Claim 3] How to form a pattern on the ceramic green sheet according to claim 1 

characterized by forming a veer hole by the exposure of ultraviolet rays after 
[ this ceramic green sheet ] carrying out photo-curing of the front face at least in 
the above-mentioned (2) process. 

[Claim 4] How to form a pattern in the above-mentioned (2) process, on the 
ceramic green sheet according to claim 1 characterized by the thing of a ceramic 
green sheet done for the photo-curing of the front face at least by the exposure of 

ultraviolet rays, after forming a veer hole. 

[Claim 5] How to form a pattern on the ceramic green sheet according to claim 1 



by which it is thing [ for which the photosensitive paste was chosen fronn the 

group of photosensitive conductive paste, photosensitive resistive paste, a 
photosensitive dielectric paste, and a photosensitive insulation paste / which is a 
l<ind at least ] characterized. 

[Claim 6] How to form a pattern on the ceramic green sheet according to claim 5 
with which photosensitive conductive paste is characterized by containing 
conductor powder and a photopolymer constituent. 

[Claim 7] How to form a pattern on the ceramic green sheet according to claim 5 
with which photosensitive resistive paste is characterized by containing resistor 
powder and a photopolymer constituent. 

[Claim 8] How to form a pattern on the ceramic green sheet according to claim 5 
with which a photosensitive dielectric paste is characterized by containing 
dielectric powder and a photopolymer constituent. 

[Claim 9] How to form a pattern on the ceramic green sheet according to claim 5 

with which a photosensitive insulation paste is characterized by containing 
insulator powder and a photopolymer constituent. 

[Claim 10] How to form a pattern on the ceramic green sheet according to claim 1 
characterized by an ultraviolet-rays extinction agent being organic dye. 
[Claim 1 1] How to form a pattern on the ceramic green sheet according to claim 
10 characterized by organic dye being azo dye. 

[Claim 12] How to form a pattern on the ceramic green sheet according to claim 
10 characterized by covering ceramic powder with the ultraviolet-rays extinction 
agent. 

[Claim 13] How to form a pattern on the ceramic green sheet according to claim 1 
characterized by the integral values of the absorbance in 350-450nm of an 
ultraviolet-rays extinction agent being 10-150. 

[Claim 14] How to form a pattern on the ceramic green sheet according to claim 1 
characterized by the integral values of the absorbance in 350-450nm of an 
ultraviolet-rays extinction agent being 20-100. 

[Claim 15] How to form a pattern on the ceramic green sheet according to claim 1 



with which a sheet slurry constituent is characterized by containing the acrylic 
copolymer, photoreaction nature compound, and photopolymerization initiator 
which have a carboxyl group and an ethylene nature partial saturation radical in 
ceramic powder and a side chain. 

[Claim 16] How to form a pattern on the ceramic green sheet according to claim 1 
characterized by the thing for which ceramic powder was chosen from the group 
of an alumina, a zirconia, a magnesia, beryllia, a mullite, a KODI light, a spinel, 
forsterite, anorthite. Serge Anh, a silica, and nitriding aluminum, and which is a 

kind at least. 

[Claim 17] Ceramic powder in the account of an oxide conversion chart Si02 30 - 
70-% of the weight aluminum 203 Five to 25% of the weight CaO Five to 25% of 
the weight MgO 0-10 % of the weight B-2 03 Three to 50% of the weight Ti02 40 
- 60 % of the weight of glass presentation powder with which a total amount 
becomes 95 % of the weight or more in 0 - 15% of the weight of the presentation 
range, An alumina, a zirconia, a magnesia, beryllia, a mullite, a KODI light, A 
spinel, forsterite, anorthite. Serge Anh, How to form a pattern on the ceramic 
green sheet according to claim 1 characterized by being 60 - 40 % of the weight 
[ at least of a kind of inorganic filler powder chosen from the group of a silica and 
nitriding aluminum ] raw material mixture. 

[Claim 18] How to form a pattern on the ceramic green sheet according to claim 1 
with which a sheet slurry constituent is characterized by containing a stabilizing 
agent. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of fornning a pattern 
on the ceramic green sheet used suitable for fornnation of a baking cerannic 
substrate etc. A ceramic green sheet is a green sheet which carried the 
semiconductor device and produced them with the ceramics used suitable for the 
baking ceramic substrate used suitable for the high density assembly which 
wired mutually, especially a multilayer ceramic substrate, and it is the thing of a 
circuit pattern with the still more detailed electrode for inner layers of a ceramic 
multilayer substrate, and a green sheet effective in detailed veer hole formation. 
[0002] 

[Description of the Prior Art] The multilayer ceramic substrate is produced mainly 
by the green sheet laminated layers method. A green sheet laminated layers 
method is the approach of printing a conductor, and carrying out several multi- 
sheet laminating of the green sheet which finished veer hole processing, 
calcinating it simultaneously after thermocompression bonding, and using as a 
multilayer substrate. 

[0003] After mixing to them after usually blending a dispersant etc. with JP,1- 
232797,A or JP,2-141458,A suitably like a publication ceramic powder, an 
organic binder, a plasticizer, a solvent, and if needed, and making the 
conventional ceramic green sheet into a slurry at them, it forms the green sheet 
for the obtained slurry by well-known approaches, such as a doctor blade method. 
After processing a desired configuration with a cutter or a punch die, the obtained 
green sheet performs drilling processing with the metal mold and laser by the 
punch die to a green sheet in order to prepare a veer hole and a through hole (a 



veer hole represents and explains below) further. It continues and a green sheet 
is filled up with conductive paste in a veer hole with the usual screen printing. 
[0004] Moreover, the green sheet which contains a bis-azide compound in the 
cerannic green sheet which the constituent containing a cerannic raw material, an 
ultraviolet curing mold liquefied compound, and a photopolymerization initiator 
was irradiated [ green sheet ], and made it harden ultraviolet rays, or a 
crystallized glass green sheet is proposed by JP,63-64953,A and JP,2-204356,A. 
[0005] On the other hand, although the screen printing using conductive paste 
has been used in order to form a conductor pattern on a green sheet 
conventionally, by this approach, formation of a detailed pattern (L (line breadth) / 
S(width-of-face spacing) = 80 micrometers / 80 micrometers or less) is difficult, 
then, recently and a photolithography (photoengraving-process technique) - the 
photosensitive conductive paste which can perform detailed conductor pattern 
formation using law is proposed. This photosensitive conductive paste consists of 
a paste of the constituent containing electric conduction powder, such as copper, 
gold, or a tungsten, a photopolymer, a photopolymerization initiator, a solvent, 
etc. Ultraviolet rays are irradiated using the photo mask which has a circuit 
pattern after drying the film applied to the ceramic substrate after calcinating this 
paste etc. with screen printing, and the exposure section is hardened. Next, 
pattern formation of the part which has not hardened an unexposed part using a 
developer is removed and carried out. However, when photosensitive conductive 
paste tended to be used and it was going to form a conductor pattern on the 
green sheet which is not calcinated, since the chemical resistance and the 
solubility-proof of a green sheet were inferior, the organic solvent contained in 
conductive paste and the polymer binder in a green sheet reacted, and there was 
a problem that clearance of an unexposed part was very difficult, at the time of 
development. 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, the object of this invention 
is to offer the approach of using a photosensitive paste and forming a good 



pattern by the photolithography method on a cerannic green sheet. 

[0007] 

[Means for Solving the Problenn] The object of this this invention is attained by 
the approach of forming a pattern on the ceramic green sheet characterized by 
including the process of the following (1) - (3). 

(1) The process which applies the sheet slurry constituent containing ceramic 
powder, a photo-setting resin constituent, and an ultraviolet-rays extinction agent 
on a base material, dries, and produces a ceramic green sheet, the process 
which performs exposure of ultraviolet rays, and formation of a veer hole to 
ceramic (2) this green sheet, the process which form a pattern for a 
photosensitive paste spreading, desiccation, and by exposing and developing 
negatives selectively on the ceramic green sheet with which (3) veer hole was 
formed. 

[0008] That is, as for this invention, it is important for the green sheet itself 
produced with the ceramics to make photosensitivity give, and after irradiating 
and carrying out photo-curing of the ultraviolet rays to the green sheet which 
gave photosensitivity, it can form a pattern with a photosensitive paste on a 
green sheet. 

[0009] The sheet slurry constituent used in (1) process of this invention is 
explained. A sheet slurry constituent contains ceramic powder, a photo-setting 
resin constituent, and an ultraviolet-rays extinction agent. 
[0010] It is not limited especially as ceramic powder used in this invention, but 
each well-known ceramic insulating material, such as an object for low- 
temperature baking, can apply. 

[001 1] As ceramic powder used in this invention, ceramic powder independence, 
a glass-ceramics multicomputer system, glass ceramics, etc. are raised. 
[0012] As an example in the case of using by the ceramic powder independent 
An alumina (aluminum 203), a zirconia (Zr02), a magnesia (IVIgO), Beryllia 
(BeO), a mullite (3aluminum2 03 and 2Si02), A KODI light (5Si02, 2aluminum2 
03, and 2MgO), a spinel (MgO-aluminum 203), Forsterite (2 MgO-Si02), 



anorthite (CaO-alunninum2 03 and 2Si02), Powder, such as Serge Anh (BaO- 
aluminum2 03 and 2Si02), a silica (Si02), KURINO enstatite (IVIgO-Si02), and 
nitriding aluminum (AIN), or low-temperature baking ceramic powder is raised. 
[0013] as the example of a glass-ceramics multicomputer system - Si02, 
aluminum 203, CaO, and B-2 03 and the need - responding - MgO and Ti02 
etc. - raw material mixture at least with a kind of inorganic filler powder chosen 
from the group of the included glass presentation powder, an alumina, a zirconia 
and a magnesia, beryllia, a mullite, a KODI light, a spinel, forsterite, anorthite, 
Serge Anh, a silica, and nitriding aluminum is raised. Ceramic powder in the 
account of an oxide conversion chart more preferably Si02 30 - 70-% of the 
weight aluminum 203 Five to 25% of the weight CaO Five to 25% of the weight 
MgO 0-10 % of the weight B-2 03 Three to 50% of the weight Ti02 40 - 60 % of 
the weight of glass presentation powder with which a total amount becomes 
95 % of the weight or more in 0 - 15% of the weight of the presentation range. It 
is 60 - 40 % of the weight [ at least of a kind of inorganic filler powder chosen 
from the group of an alumina, a zirconia, a magnesia, beryllia, a mullite, a KODI 
light, a spinel, forsterite, anorthite, Serge Anh, a silica, and nitriding aluminum ] 
raw material mixture. Namely, Si02, aluminum 203, CaO, MgO, B-2 03, and 
Ti02 As for the presentation range, it is desirable that it is a rate in glass 
presentation powder, and these components are 95 % of the weight or more of 
total amounts in glass presentation powder. The 5 remaining % of the weight can 
contain Na2 O, K2 O, BaO, PbO and Fe 203, Mn oxide, Cr oxide, NiO, Co oxide, 
etc. 

[0014] As an example of a glass-ceramics multicomputer system, it is Si02-B-2 
03. System glass and PbO-Si02-aluminum2 03-B-2 03 System glass and CaO- 
Si02-aluminum2 03-B-2 03 What added ceramic components, such as 
aluminum 203, a quartz (Si02), Zr02, and a KODI light, to system glass etc. is 
raised. 

[0015] Si02 in glass presentation powder It is desirable that it is 30 - 70% of the 
weight of the range, and when it is less than 30 % of the weight, the 



reinforcement and stability of a glass layer fall, and a dielectric constant and a 
coefficient of thermal expansion become high, and it is easy to separate from a 
desired value. IVIoreover, if it increases more than 70 % of the weight, the 
coefficient of thermal expansion of a baking substrate will become high, and 
baking of 1000 degrees C or less will become difficult. 

[0016] aluminum 203 It is desirable to blend in 5 - 25% of the weight of the range. 
At less than 5 % of the weight, in the reinforcement in a glass phase falling, 
baking at 1000 degrees C or less becomes difficult. If 25 % of the weight is 
exceeded, the temperature which frits a glass presentation will become high too 
much. 

[0017] As for CaO, it is desirable to blend in 5 - 25% of the weight of the range. If 
it becomes less than 5 % of the weight, a desired coefficient of thermal 
expansion will no longer be obtained, and baking at 1000 degrees C or less will 
become difficult. If 25 % of the weight is exceeded, neither a dielectric constant 
nor a coefficient of thermal expansion becomes large and is desirable. As for 
MgO, it is desirable to blend in 0 - 10% of the weight of the range, and, thereby, 
control of the melting temperature of glass becomes easy. The coefficient of 
thermal expansion of the substrate which will be obtained if 10 % of the weight is 
exceeded becomes high. 

[0018] B-2 03 aluminum 203 in order to dissolve a glass frit at the temperature 
near 1300-1450 degree C It is desirable to blend in order to control ceramic 
burning temperature in the range of 800-1000 degrees C not to spoil electrical 
and electric equipment, such as a dielectric constant, reinforcement, a coefficient 
of thermal expansion, and sintered density, a machine, and a thermal property, 
even when many, and 3 - 50% of the weight of the range is desirable as loadings. 
At less than 3 % of the weight, it is B-2 03. When the reinforcement of the 
ceramics tended to fall when many [ too ], and the stability of glass falls and 
recrystallization by the reaction of an inorganic filler (crystal) and glass becomes 
quick, when 50 % of the weight was exceeded, and it considers as a multilayer 
substrate, the phenomenon in which a glass phase oozes happens and is not 



desirable. 

[0019] Ti02 It is desirable to blend in 0 - 15% of the weight of the range. 
Although the low-tennperature baking cerannic substrate of this invention is the 
mixture of amorphous glass and an inorganic filler before baking, it is presumed 
that they are amorphous glass, the ceramics, and the partial crystallization 
ceramics of glass ceramics depending on the class of filler. Ti02 It is desirable 
that it acts as effective nucleation matter in generation of glass ceramics, and is 
in the above-mentioned range. 

[0020] Inorganic filler powder is effective in controlling improvement in the 
mechanical strength of a substrate, and a coefficient of thermal expansion, and 
especially an alumina, a zirconia, a mullite, a KODI light, and anorthite are 
excellent in the effectiveness. It becomes difficult to be hard coming to sinter, if 
the rate of an inorganic filler exceeds 60 % of the weight, and to sinter below 
1000 degrees C. Moreover, at less than 40 % of the weight, control of a 
coefficient of thermal expansion and the substrate of a low dielectric constant 
become is hard to be obtained. Therefore, by making inorganic filler powder into 
this range, burning temperature of the ceramics can be made into 800-1000 
degrees C, and reinforcement, a dielectric constant, a coefficient of thermal 
expansion, sintered density, volume resistivity, and contraction can be made into 
a desired property. 

[0021] Na2 O to 0 - 5 % of the weight, K2 O, BaO, PbO and Fe 203, Mn oxide, 
Cr oxide, NiO, Co oxide, etc. can be contained as an impurity among the 
inorganic filler powder used by this invention. 

[0022] Si02 which is a raw material as a method of producing glass presentation 
powder, for example, aluminum 203, CaO and MgO, B-2 03, and Ti02 etc. ~ 
there is the approach of mixing so that it may become a predetermined 

combination presentation, quenching after melting at 1250-1450 degrees C, 
pulverizing, after making it a glass frit, and using as 0.5-3-micrometer detailed 
powder. The carbonate of a high grade, an oxide, a hydroxide, etc. can be used 
as a raw material. Moreover, when the raw material of 99.99% or more of overly 



high grade alkoxide or an organic metal is used depending on the class of glass 
powder, or a presentation and the powder produced to homogeneity with the sol- 
gel method is used, it is a low dielectric constant, and since a ceramic substrate 
[ that it is precise and high intensity ] is obtained, it is desirable. 
[0023] As an example of glass ceramics, it is MgO-aluminum2 03-Si02. A 
system and Li2 0-aluminum2 03-Si02 The glass ceramics of a system etc. are 
used, glass ceramics - for example, MgO-aluminum2 03-Si02 B-2 03 the 
nucleation matter - in addition, what it calcinated at 900-1000 degrees C, and 
the KODI light crystal was deposited, and attained high intensity-ization and Li2 
0-aluminum2 03-Si02 B-2 03 The nucleation matter is added, spodumene is 
deposited and what similarly attained high intensity-ization is used. 
[0024] Although the particle diameter and specific surface area of ceramic 
powder which are used in the above are chosen in consideration of the thickness 
of the green sheet which it is going to produce, or contraction after baking, in the 
case of powder, it is desirable to fill simultaneously the particle diameter of 0.2-4 
micrometers, and specific surface area of 2-30m 2 / g. More desirable range is 
the particle diameter of 0.5-3 micrometers, and specific surface area of 2-20m 2 / 
g. If it is in this range, light will penetrate enough at the time of ultraviolet-rays 
exposure, and a uniform veer hole without an up-and-down aperture difference 
will be obtained. When powder particle diameter is less than 0.2 micrometers, or 
when specific surface area exceeds 30m2 / g, powder becomes fine too much, 
light is scattered about at the time of exposure, and it comes to harden a part for 
an unexposed part. For this reason, the veer hole which has roundness at the 
time of development is no longer obtained. Moreover, contraction after baking 
becomes large and the green sheet of high degree of accuracy is not obtained. 
As a powdered configuration, a spherical thing is desirable, and since the effect 
of dispersion can be low controlled at the time of ultraviolet-rays exposure if 
particle size distribution are sharp, it is desirable. 

[0025] As a photo-setting resin used for formation of the ceramic green sheet of 
this invention, a well-known photo-setting resin is applicable from the former. The 



sensitization layer wliicli consists of tliese plioto-setting resins is a layer wlnicli 
insolubilizes by irradiating an activity beam of liglit. It is wliat mixed witli tlie 
suitable polymer binder the monomer and oligomer of the functionality which has 
[ one or more ] a partial saturation radical etc. in (1) 1 molecule as an example of 
the photoresist matter. 

(2) What mixed photosensitive compounds, such as an aromatic series diazo 
compound, an aromatic series azide compound, and an organic halogenated 
compound, with the suitable polymer binder. 

(3) What reformed the photosensitive macromolecule or it which is obtained by 
carrying out the pendant of the photosensitive radical to the existing 
macromolecule. 

(4) What is called so-called diazo resin, such as a condensate of a diazo ** 
amine and formaldehyde. 

**** is raised. 

[0026] Especially a desirable photo-setting resin constituent contains the acrylic 
copolymer, photoreaction nature compound, and photopolymerization initiator 
which have a carboxyl group and an ethylene nature partial saturation radical in a 
side chain, and this copolymer can be manufactured by making a side chain add 
an ethylene nature partial saturation radical to the acrylic copolymer which was 
made to carry out copolymerization of unsaturated carboxylic acid and the 
ethylene nature unsaturated compound, and formed them. 
[0027] As a concrete example of unsaturated carboxylic acid, an acrylic acid, 
methacrylic acid, an itaconic acid, a crotonic acid, a maleic acid, a fumaric acid, 
vinyl acetic acids, these acid anhydrides, etc. are raised. On the other hand as a 
concrete example of an ethylene nature unsaturated compound Methyl acrylate, 
methyl meta-acrylate, ethyl acrylate. Ethyl methacrylate, n-propyl acrylate, 
isopropyl acrylate, n-butyl acrylate, n-butyl methacrylate, sec-butyl acrylate, sec- 
butyl methacrylate, ISO-butyl acrylate, isobutyl methacrylate. Although tert-butyl 
acrylate, tert-butyl methacrylate, n-pentyl acrylate, n-pentyl methacrylate, styrene, 
p-methyl styrene, o-methyl styrene, m-methyl styrene, etc. are raised, it is not 



limited to tliese. Tlie good copolymer of pyrolysis nature can be obtained by 
including a methyl methacrylate at least out of the aforementioned ethylene 
nature unsaturated compound as a main polymerization component of these 
acrylic principal chain polymers. 

[0028] There is a thing like a vinyl group, an allyl group, an acrylic radical, and an 
methacrylic radical as an ethylene partial saturation radical of a side chain. There 
is the approach of making carry out the addition reaction of the ethylene nature 
unsaturated compound and acrylic-acid chloride which have a glycidyl group to 
the carboxyl group in an acrylic copolymer as an approach of making such a side 
chain adding to an acrylic copolymer, and making. 

[0029] As an ethylene nature unsaturated compound which has a glycidyl group, 
metaglycidyl acrylate, glycidyl methacrylate, allyl glycidyl ether, ethyl metaglycidyl 
acrylate, crotonylgryciydyl ether, crotonic-acid glycidyl ether, isocrotonic acid 
glycidyl ether, etc. are raised. Moreover, as an acrylic-acid chloride compound, 
acrylic-acid chloride, methacrylic acid chloride, an allyl chloride, etc. are raised. 
As an amount of addition of these ethylene nature unsaturated compounds or 
acrylic-acid chloride, the 0.05-1 -mol equivalent is the 0.1-0.8-mol equivalent 
desirable still more preferably to the carboxyl group in an acrylic copolymer. 
Since the amount of addition becomes poor [ a sensitization property ] under at 
the 0.05-mol equivalent and formation of a pattern becomes difficult, it is not 
desirable. Moreover, it becomes [ the developer solubility of an unexposed part 
falls or / the degree of hardness of the spreading film ] low and is not desirable 
when the amount of addition is larger than the one-mol equivalent. 
[0030] In this way, as for the acid number (AV) of the acrylic polymer which has a 
carboxyl group and an ethylene nature partial saturation radical in the obtained 
side chain, 50-180 are desirable, and it is 70-140 more preferably. It is the range 
of 80-120 still more preferably. The amount of an ethylene nature partial 
saturation radical increases that the acid number is less than 50, and since the 
rate of a carboxyl group of having photosensitivity falls, the piece of a veer hole 
edge worsens the top where development allowance width of face is narrow. 



Moreover, if developer concentration is made deep in order for tlie solubility over 
the developer of an unexposed part to fall, if the acid number exceeds 1 80, 
peeling will occur to the exposure section, and the veer hole which has high 
degree of accuracy becomes is hard to be obtained. Moreover, the degree of 
hardness of a green sheet falls. Moreover, since a development property 
improves and a detailed veer hole is obtained, it is so desirable that the 
molecular weight distribution of a polymer is sharp in the polymer which has the 
above-mentioned desirable acid number. 

[0031] Although these photo-setting resins act as a polymer binder, it is desirable 
to contain a nonphotosensitivity polymer as a polymer binder component. Since 
the tensile strength and elongation of a green sheet before exposure can be 
made high if a nonphotosensitivity polymer is contained as a polymer binder 
component, it is desirable. If tensile strength improves, thickness of a green 
sheet can be made thin to 20-40mmicro. Specifically, polyvinyl alcohol, a 
polyvinyl butyral, a methacrylic ester polymer, an acrylic ester polymer, an acrylic 
ester-methacrylic ester copolymer, - methyl styrene polymer, butyl methacrylate 
resin, etc. are raised as a nonphotosensitivity polymer. Moreover, it is important 
when the photosensitive matter contains only a photosensitive monomer, and 
that such a nonphotosensitivity polymer binder is included raises a mechanical 
strength. As a solvent of such a nonphotosensitivity polymer binder, alcohol, 
toluene, an acetone, a methyl ethyl ketone, a butanol, methyl isobutyl ketone, an 
isophorone, isopropyl alcohol, etc. are used suitably. Moreover, the polymer 
binder may contain the plasticizer and the dispersant. As a plasticizer, dibutyl 
phthalate, dioctyl phthalate, a polyethylene glycol, a glycerol, etc. are used. As a 
dispersant, sorbitan acid ester, alkylene glycol, and polycarboxylic acid are used 
preferably. As for the content of a nonphotosensitivity polymer, it is desirable that 
it is 5 - 80% of the weight of a photosensitive polymer binder. At less than 5 % of 
the weight, since it will not harden enough even if it irradiates ultraviolet rays at a 
green sheet if effectiveness is low and exceeds 80 % of the weight to 
improvement in elongation, neither the chemical resistance and the solubility- 



proof of a green sheet, nor a nnechanical strength ******. When not perfornning 
next veer hole formation by the photolithography method, 6 - 15 % of the weight 
is enough as the content of a nonphotosensitivity polymer binder. Specifically, 
polyvinyl alcohol, a polyvinyl butyral, a methacrylic ester polymer, an acrylic ester 
polymer, an acrylic ester-methacrylic ester copolymer, - methyl styrene polymer, 
butyl methacrylate resin, etc. are raised. 

[0032] The photoreaction nature compound used by this invention is a compound 
containing the carbon-carbon unsaturated bond which has photoreaction nature. 
As the concrete example, allyl compound acrylate, benzyl acrylate, Butoxy ethyl 
acrylate, butoxy triethylene glycol acrylate, Cyclohexyl acrylate, dicyclopentanil 
acrylate, JISHIKURO pentenyl acrylate, 2-ethylhexyl acrylate, glycerol acrylate, 
glycidyl acrylate, Heptadecaphlorodecyl acrylate, 2-hydroxyethyl acrylate, ISOBO 
nil acrylate, 2-hydroxypropyl acrylate, iso dexyl acrylate, Iso octyl acrylate, lauryl 
acrylate, 2-methoxy ethyl acrylate, Methoxy ethylene glycol acrylate, methoxy 
diethylene-glycol acrylate, OKUTAFURORO pentyl acrylate, phenoxy ethyl 
acrylate, Stearyl acrylate, triphloroethyl acrylate, arylation cyclohexyl diacrylate, 
Bisphenol A diacrylate, 1,4-butanediol diacrylate, 1, 3-butylene-glycol diacrylate, 
ethylene glycol diacrylate, Diethylene glycol diacrylate, triethylene glycol 
diacrylate. Polyethylene glycol diacrylate, dipentaerythritol hexa acrylate, 
Dipentaerythritolmonohydroxy PENTA acrylate, ditrimethylol propane tetra- 
acrylate. Glycerol diacrylate, methoxy-ized cyclohexyl diacrylate, Neopentyl 
glycol diacrylate, propylene glycol diacrylate, Polypropylene-glycol diacrylate, 
triglycerol diacrylate. What changed trimethylol propane thoria chestnut RATO 
and the above-mentioned acrylate into methacrylate, gamma-methacryloxpropyl 
trimethoxy silane, a 1-vinyl-2-pyrrolidone, etc. are mentioned, this invention ~ 
these ~ one sort ~ or two or more sorts can be used, the acrylic copolymer which 
has a carboxyl group and an ethylene nature partial saturation radical in a side 
chain ~ a photoreaction nature compound ~ receiving -- usually ~ a weight ratio - 
- the amount of 0.1 to 10 times ~ desirable ~ **** for the amounts of 0.5 to 5 
times. When there are too few amounts of this acrylic copolymer, the viscosity of 



a slurry becomes small and there is a possibility that the homogeneity of 
distribution in a slurry may fall. On the other hand, if there are too many amounts 
of an acrylic copolymer, the solubility to the developer of an unexposed part will 
serve as a defect. 

[0033] As a concrete example of the photopolymerization initiator used by this 
invention, a benzophenone, A methyl o-benzoylbenzoate, 4, and 4- 
bis(dimethylamine) benzophenone, 4 and 4-bis(diethylamino) benzophenone, 4, 
and 4-dichloro benzophenone, 4-benzoyl-4-methyl diphenyl ketone, dibenzyl 
ketone, full - me ~ a non, 2, and 2-diethoxy acetophenone, 2, and 2-dimethoxy- 
2-phenyl-2-phenyl acetophenone - 2-hydroxy-2-methylpropiohenone, a p-t-butyl 
dichloro acetophenone, A thioxan ton, 2-methylthio xanthone, 2-chloro thioxan 
ton, 2-isopropyl thioxan ton, a diethyl thioxan ton, benzyl. Benzyl dimethyl beam 
Norian, a benzyl-methoxy ethyl acetal, A benzoin, benzoin methyl ether, benzoin 
butyl ether, Anthraquinone, 2-t-butyl anthraquinone, 2-amyl anthraquinone, beta- 
KURORU anthraquinone, an anthrone, benzanthrone, dibenzosulfone, A 
methylene anthrone, 4-azide benzal acetophenone, 2, a 6-bis(p-azide 
benzylidene) cyclohexanone, 2, 6-bis(p-azide benzylidene)-4- 
methylcyclohexanone. The 2-phenyl -1, a 2-swine dione-2-(o-methoxycarbonyl) 
oxime, A 1-phenyl-propane dione-2-(o-ethoxycarbonyl) oxime, 1, a 3-diphenyl- 
propane trione-2-(o-ethoxycarbonyl) oxime, 1 - Phenyl-3-ethoxy-propane trione- 
2-(o-benzoyl) oxime, A Michler's ketone, 2-methyl-[4-(methylthio) phenyl]-2- 
morpholino-1-propanone, Naphthalene sulfonyl chloride, quinoline sulfonyl 
chloride, N-phenylthio acridone, 4, and 4-azobisisobutyronitril, Diphenyl disulfide, 
bends thiazole disulfide, triphenyl HORUFIN, The coloring matter of 
photoreduction nature, such as a camphor quinone, 4 bromination carbon, a 
TORIBUROMO phenyl sulfone, a peroxidation benzoin and eosine, and a 
methylene blue, the combination of reducing agents, such as an ascorbic acid 
and triethanolamine, etc. are raised, this invention - these ~ one sort ~ or two or 
more sorts can be used. 

[0034] It is added in 0. 1 - 50% of the weight of the range to the sum of an acrylic 



copolymer and a photoreaction nature connpound which has a carboxyl group 
and an ethylene nature partial saturation radical in a side chain, and a 
photopolymerization initiator is 2 - 25 % of the weight more preferably. When 
there are too few amounts of a polymerization initiator, photosensitivity becomes 
poor, and if there are too many amounts of a photopolymerization initiator, there 
is a possibility that the survival rate of the exposure section may become small 
too much. 

[0035] In this invention, it is important for a sheet slurry constituent to add a 
(ultraviolet-rays UV) extinction agent because of stiffening a green sheet 
effectively by ultraviolet rays, or veer hole formation. High resolution is obtained 
by adding the high extinction agent of the ultraviolet absorption effectiveness. 
[0036] That is, only with ceramic powder, ultraviolet rays are scattered about with 
ceramic powder, and even if it carries out photo-curing and develops negatives to 
an excessive part, a veer hole cannot form good. As a result of this invention 
persons' considering this cause wholeheartedly, it became clear that it was 
because the scattered ultraviolet-rays light is absorbed, or it can weaken and it 
turns even to a protection-from-light part with an exposure mask. Therefore, by 
adding an ultraviolet-rays extinction agent, a surroundings lump of the scattered 
light is avoided mostly, hardening of the photopolymer of a mask part is 
prevented, and a pattern comes to be formed in an exposure mask considerable 
the bottom. Moreover, it penetrates without absorbing light to the lower part of a 
green sheet, the function of photo-curing is satisfied enough, and a highly precise 
veer hole can be formed. 

[0037] Moreover, when there is no ultraviolet-rays extinction agent, even if it 
irradiates ultraviolet rays at a sheet, since it is reflected and scattered about with 
ceramic powder and a part of front face of a sheet is hardened, most of the 
chemical resistance of a green sheet or the improvement in mechanical strength 
is not admitted, and a knee and curvature occur in the green sheet after UV 
irradiation, and the green sheet which needs high dimensional accuracy is not 
obtained, but mechanical strength also becomes low. However, since ultraviolet 



rays are absorbed effectively and it can reacli to the lower part of a green sheet 
when an extinction agent is added, photo-curing is carried out to homogeneity to 
the interior of a sheet, the chemical resistance of a green sheet and dimensional 
accuracy improve, and mechanical strength improves substantially further. 
Especially tensile strength usually increases two to 5 times. 
[0038] The organic dye which has a high UV absorbance in [ wavelength ] 350- 
450nm as an ultraviolet-rays extinction agent is used preferably. Although the 
various colors which have a high absorbance as organic dye can be used, azo 
dye, an amino l<etone system color, xanthene dye, quinoline dye, an amino 
ketone system color, anthraquinone dye, etc. can be used. Azo dye is desirable 
also especially in these. Since organic dye evaporates at the time of baking also 
when it adds as an extinction agent, it does not remain in the substrate after 
baking and it does not have lowering of the insulation resistance by the extinction 
agent, it is desirable. 

[0039] as the typical thing as azo dye ~ the Sudan blue (it Blue(s) Sudan [ ] -) 
C22H18N2 02 =342.4, Sudan R (C17H14N2 02 =278.31) Sudan II (C18H14N2 
0=276.34) and Sudan III (C22H16N4 0=352.4) Sudan IV (C24H20N4 0=380.45) 
and the oil orange SS (Oil Orange SS ~) CH3 C6 H4 N:NC10H6 OH=262.31 oil 
violet (Oil Violet, C24H21N 5 = 379.46), Although there is oil yellow alumnus (Oil 
Yellow alumnus, CH3 C4H4 N:NC10H4 NH 2 = 261.33) etc., a color absorbable 
by 250-520nm can be used. 

[0040] The photo-curing of** green sheet is made effectively, mechanical 
strength, chemical resistance, and the roundness of improving and ** veer hole 
are high, and the addition of organic dye has [ the veer hole aperture difference 
of the upper part after carrying out veer hole formation and the lower part is the 
range which fulfills conditions, such as not reducing few things, the flexural 
strength which is a ceramic substrate property after ** baking, insulation 
resistance, a dielectric constant, a thermal expansion property, etc., and ] 0.05 - 
2 desirable % of the weight to ceramic powder. Since mechanical strength and 
chemical resistance will fall without being absorbed with ceramic powder by the 



time it readies tlie lower part, and carrying out photo-curing of poor fornnation 
and the green sheet of a veer hole to honnogeneity to the interior, when there are 
too many amounts of an extinction agent and they irradiate ultraviolet rays if the 
addition effectiveness of an ultraviolet-rays extinction agent decreases at less 
than 0.05 % of the weight and 2 % of the weight is exceeded, it is not desirable. 
Moreover, since the substrate property after baking also falls, it is not desirable. It 
is 0.10 - 0.7 % of the weight more preferably. 

[0041] As the addition approach of an ultraviolet-rays extinction agent which 
consists of organic dye, being based on the following approaches is desirable. 
That is, the solution which dissolved organic dye in the organic solvent 
beforehand is produced. Next, it dries, mixing and stirring ceramic powder in this 
organic solvent. The so-called powder of the shape of a capsule which carried 
out the coat of the film of organic dye to homogeneity on each powder front face 
of ceramic powder by this approach is producible. 

[0042] In this invention, there is the range of the integral value (350-450nm) of a 
desirable absorbance. That is, the integral value of an absorbance is measured 
in the state of powder, and is measured about the powder which carried out the 
coat of the front face of organic dye or inorganic powder with the organic system 
color. 

[0043] An absorbance is defined as follows by this invention. That is, the light 
which applied light to the test sample in the integrating sphere using the 
commercial spectrophotometer, and was reflected there is collected and detected. 
Moreover, except [ all ] the light detected with the integrating sphere, it is 
regarded as absorption light and asks from the following formula. 
[0044] The optical reinforcement of the light which carried out incidence of the 
optical reinforcement of contrast light to Ir (data which Ir attached in sample base 
BaSOS of ingredient same before measuring absorbance of sample as ingredient 
applied to integrating-sphere inner surface, and measured optical reinforcement 
by echo) sample I, after hitting a sample, when optical absorbed reinforcement is 
set to lo, the optical reflected reinforcement from a sample is expressed with (I- 



lo) -- having - (1) of the following [ absorbance ] a fornnula - it defines like. The 

unit of optical reinforcement is W/cnn2 by the above. It expresses. 

[0045] 

Absorbance =-log (l-IO) (/Ir) Measurennent of (1) absorbance is performed as 
follows. 

1. Cast the powder which added the extinction agent by the press machine in the 
diameter of 20mm, and size with a thickness of 4mm. 

2. If a spectrophotometer is used next, a powdered molding object is attached in 
installation opening of the reflective sample of an integrating sphere and the 
absorbance by the reflected light is measured in the 200-650nm of the 
wavelength range, a graph like drawing 1 will be obtained. An axis of ordinate is 
(1). It is the absorbance of a formula and an axis of abscissa shows 
measurement wavelength. 

3. Next, divide the range of 350-450nm wavelength into the ten sections in every 
10nm by drawing 1 , and ask for the area for every section. Area is called for as 
follows. 

[0046] For example, if area of a 350-360nm part is set to A, using [ the 
absorbance at the time of 350nm / the absorbance at the time of 0.75360nm / the 
absorbance at the time of 0.80370nm ] the absorbance at the time of 0.60450nm 
as 0.55 for the absorbance at the time of 0.85..440nm and it is regarded as a 

trapezoid, A will be calculated as follows. 

Area B is area B=(0.80+0.85) x10 / 2= 8.25 like area A=(0.75+0.80) x10 / 2= 
7.75.. Area J is similarly set to area J=(0.60+0.55) x10 / 2= 5.75. A total of S of 
the area of the ten sections is calculated as follows. 

S=A+B+C+ .... The area S of +J above was defined as an integral value of the 
absorbance in 350-450nm. 

[0047] The range where the integral value of the absorbance in the case of 
carrying out pattern formation with photosensitive pastes (conductive paste, an 
insulating paste, a photosensitive dielectric paste, or photosensitive resistive 
paste etc.) is desirable after forming a veer hole by the photolithography method 



by this invention is 20-100, and still more desirable range is 30-70. Before light 
penetrates enough that the integral value of an absorbance is less than 20 under 
a green sheet at the time of ultraviolet-rays exposure, it is scattered about with 
powder and comes to harden an unexposed part, and the veer hole formation 
with roundness becomes impossible. Since it will be absorbed by powder and 
light does not penetrate even a lower sheet before light will reach the lower part 
of a green sheet, if an absorbance exceeds 100, it stops moreover, being able to 
carry out photo-curing. Consequently, it comes to separate at the time of 
development, and formation of a veer hole becomes difficult. 
[0048] When carrying out pattern formation by photosensitive conductive paste 
using the green sheet which formed the veer hole by punching processing by the 
carbide drill by this invention, as for the integral value of an absorbance, it is 
desirable that it is 10-150. Although it is good if enough to carry out photo-curing 
only of the surface layer of a green sheet by the exposure of ultraviolet rays, 
powder will reflect ultraviolet rays as it is less than ten, and it will be scattered 
about, and photo-curing is not fully performed. Moreover, since ultraviolet rays 
will be absorbed surface [ a part of] and neither chemical resistance nor 
mechanical strength will improve if 150 is exceeded, it is not desirable. 
[0049] Metals, such as Pb, Bi, Fe, nickel, Mn, Co, Mg, etc. which are contained in 
ceramic powder in this invention, and the oxide of those react with the carboxyl 
group of the photosensitive polymer contained during a paste, and there is a 
case where a paste gels for a short time, and serves as a lump, and it becomes 
impossible to print as a paste. Although this is presumed to be the ion 
crosslinking reaction of a polymer, an above-mentioned metal and above- 
mentioned oxide powder, and **, in order to prevent such crosslinking reaction, it 
is desirable to add the compound (stabilizing agent) which does not have bad 
effect on a photoreaction nature compound, a photopolymerization initiator, or a 
plasticizer of course to photosensitive polymer, and to prevent gelation. That is, 
surface treatment of the powder is carried out with a compound with 
effectiveness, such as complex-izing with the metal and oxide powder which 



trigger a gelation reaction, or salt formation with an acid functional group, and a 
photosensitive green sheet is stabilized. As such a stabilizing agent, a triazole 
compound can use it preferably. Benzotriazol acts effectively also especially in a 
triazole compound. Moreover, a hexamethylenetetramine, a naphthenic-acid 
lithium, etc. have effectiveness in gelation control. 

[0050] The approach of carrying out surface treatment of ceramic powder using 
benzotriazol is as follows. Namely, the benzotriazol of a predetermined amount is 
dissolved in organic solvents, such as methyl acetate, ethyl acetate, ethyl alcohol, 
and methyl alcohol, to ceramic powder, and it is immersed into a solution for 1 to 
24 hours so that these powder can fully be immersed. The powder which it 
seasoned naturally under 20-30 degrees C preferably, and the solvent was 
evaporated after immersion, and performed triazole processing is produced. 
[0051] 0.2 - 4 % of the weight is comparatively (a stabilizing agent / ceramic 
powder) desirable, and it is more desirable that it is [ of the stabilizing agent used 
in this invention ] further 0.4 - 3 % of the weight. At less than 0.2 % of the weight, 
there is no effectiveness in preventing the crosslinking reaction of a polymer, and 
it gels for a short time. Moreover, if 4 % of the weight is exceeded, the amount of 
a stabilizing agent will increase too much, debinders, such as a polymer, a 
monomer, and a stabilizing agent, will become difficult at the time of baking of the 
green sheet in the inside of a non-oxidizing atmosphere, and the property of a 
substrate will fall. 

[0052] Adding a sensitizer, a sensitization assistant, thermal polymerization 
inhibitor, a plasticizer, an antioxidant, a dispersant, an organic or inorganic 
suspending agent, etc. in a ceramic green sheet (inside of a sheet slurry 
constituent) in this invention is also performed preferably. 
[0053] A sensitizer is added in order to raise sensibility. As an example of a 
sensitizer, 2, 4-diethyl thioxan ton, an isopropyl thioxan ton, 2, 3-bis(4- 
diethylamino benzal) cyclopentanone, 2, a 6-bis(4-dimethyl AMINI benzal) 
cyclohexanone, 2, 6-bis(4-dimethylamino benzal)-4-methylcyclohexanone, A 
Michler's ketone, 4 and 4, a - bis(diethylamino)-benzophenone, A 4 and 4- 



bis(dimethylannino) chalcone, 4, and 4-bis(diethylamino) chalcone, p- 
dimethylamino thinner millimeter DENINDANON, p-dimethylamino benzylidene in 
DANON, 2 -(p-dimethylamino phenyl vinylene)- Iso naphth thiazole, 1, a 3-'^bis(4- 
dimethylamino benzal) acetone, 1, a 3-carbonyl-bis(4-diethylamino benzal) 
acetone, A 3 and 3-carbonyl-screw (7-diethylamino coumarin), N-phenyl-N-ethyl 
ethanolamine, N-phenyl ethanolamine, N-tolyl diethanolamine, N-phenyl 
ethanolamine, Dimethylamino isoamyl benzoate, diethylamino isoamyl benzoate, 
3-phenyl-5-benzoyl thio-TETORAZO-RAZORU, 1-phenyl-5-ethoxycarbonyl thio- 
tetrazole, etc. are raised, this invention ~ these ~ one sort ~ or two or more sorts 
can be used. In addition, there are some sensitizers which can be used also as a 
photopolymerization initiator. When adding a sensitizer to the ceramic green 
sheet of this invention, the addition is usually 0.5-15 % of the weight more 
preferably 0.1 to 30% of the weight to the sum of an acrylic copolymer and a 
photoreaction nature compound which has a carboxyl group and an ethylene 
nature partial saturation radical in a side chain. If there are too few amounts of a 
sensitizer, the effectiveness of raising photosensitivity will not be demonstrated, 
but if there are too many amounts of a sensitizer, there is a possibility that the 
survival rate of the exposure section may become small too much. 
[0054] Thermal polymerization inhibitor is added in order to raise the thermal 
stability at the time of preservation. As a concrete example of thermal 
polymerization inhibitor, a hydroquinone, an N-nitroso diphenylamine, 
phenothiazin, a p-t-butyl catechol, N-N phenylnaphthylamine, 2, 6-G t-butyl-p- 
methyl phenol, do RANIRU, pyrogallol, etc. are mentioned. When adding thermal 
polymerization inhibitor, the addition is usually 0.5-10 % of the weight more 
preferably 0.1 to 20% of the weight to the sum of an acrylic copolymer and a 
photoreaction nature compound which has a carboxyl group and an ethylene 
nature partial saturation radical in a side chain. The effectiveness of raising the 
thermal stability at the time of preservation if there are too few amounts of 
thermal polymerization inhibitor is not demonstrated, but if there are too many 
amounts of thermal polymerization inhibitor, there is a possibility that the survival 



rate of the exposure section may become small too much. 
[0055] As a concrete example of a plasticizer, dibutyl phthalate, dioctyl phthalate, 
a polyethylene glycol, a glycerol, etc. are raised. 
[0056] An antioxidant is added in order to prevent oxidation of the acrylic 
copolymer at the time of preservation. As a concrete example of an anti-oxidant, 
2,6-di-t-butyl-p-cresol, Butyl-ized hydroxyanisole, 2, 6-G t-4-ethylphenol, 2,2- 
methylene bis - (4-methyl-6-t-butylphenol), 2,2-methylene bis - (4-ethyl-6-t- 
butylphenol), 4 and 4-CHIBISU - (3-methyl-6-t-butylphenol), 1 and 1, 3-tris - (2- 
methyl-6-t-butylphenol), 1,1, 3-tris-(2-methyl-4-hydroxy-t-buthylphenyl) butane, 
Bis[3 and 3-screw-(4-hydroxy-3-t-buthylphenyl) BUCHIRIKKUASSHIDDO] glycol 
ester, dilauryl CHIOJI propionate, triphenyl phosphite, etc. are mentioned. When 
adding an anti-oxidant, the addition is usually 0.1-1 % of the weight more 
preferably 0.01 to 5% of the weight to total of the acrylic copolymer which has a 
carboxyl group and an ethylene nature partial saturation radical in ceramic 
powder and a side chain, a photoreaction nature compound, and a 
photopolymerization initiator. If there are few amounts of an antioxidant, the 
effectiveness which prevents oxidation of the acrylic common polymer at the time 
of preservation will not be acquired, but if there are too many amounts of an 
antioxidant, there is a possibility that the survival rate of the exposure section 
may become small too much. 

[0057] As a presentation of the sheet slurry constituent in this invention, choosing 
in the next range is desirable. 

[0058] (a) Ceramic powder ; The acrylic copolymer and photoreaction nature 
compound which have a carboxyl group and an ethylene nature partial saturation 
radical to the sum of (a) and (b) in a 80 - 94-% of the weight (b) side chain ; As 
opposed to the sum of (a) and (b) 20 - 6 % of the weight (c) photopolymerization 
initiator As opposed to (b); A 2 - 25 % of the weight (d) ultraviolet-rays extinction 
agent It is good to choose the presentation of (a), (b), and the (d) component as 
84 - 92 % of the weight, 16 - 8 % of the weight, and 0.1-1 % of the weight of the 
range more preferably in the above to ; (a), respectively 0.05 - 4% of the weight. 



If it is in tliis range, ultraviolet rays will penetrate well at the tinne of exposure, the 
function of photo-curing is demonstrated enough, the chemical resistance and 
the solubility-proof at the time of next development improve, generating of the 
residual membrane of an unexposed part is abolished, and it comes to be able to 
perform detailed pattern formation (L (line breadth) / S(width-of-face spacing) = 
20 micrometers / 20 micrometers). Moreover, by making into this range 
especially the total quantity of the acrylic copolymer which has a carboxyl group 
and an ethylene nature partial saturation radical in the side chain which is the (b) 
component, and a photoreaction nature compound, the sintered compact after 
baking becomes precise and there is an advantage from which the ceramic 
substrate of high intensity is obtained. 

[0059] The sheet slurry constituent for the green sheets of this invention can 
dissolve the acrylic copolymer and photopolymerization initiator which have a 
carboxyl group and an ethylene nature partial saturation radical in a side chain in 
a photoreaction nature compound, and can manufacture them by making this 
solution distribute ceramic powder and an ultraviolet-rays extinction agent. When 
the acrylic copolymer and photopolymerization initiator which have an ethylene 
nature partial saturation radical in a side chain do not dissolve in a photoreaction 
nature compound, the organic solvent which the mixed solution of this acrylic 
copolymer, a photopolymerization initiator, and a photoreaction nature compound 
can dissolve may be added to adjust the viscosity of a solution. The organic 
solvent used at this time just dissolves the mixture of the acrylic copolymer which 
has an ethylene nature partial saturation radical, a photopolymerization initiator, 
and a photoreaction nature compound in a side chain. For example, the mixture 
of organic solvents containing one or more of sorts of these [ methyl Cellosolve 
ethylcellosolve, butyl cellosolve, a methyl ethyl ketone, dioxane, an acetone, a 
cyclohexanone, cyclopentanone, isobutyl alcohol, isopropyl alcohol, a 
tetrahydrofuran, dimethyl sulfoxide gamma-butyrolactone, etc. and ] is used. 
[0060] Furthermore, if needed, an organic solvent, a stabilizing agent, a 
sensitizer, thermal polymerization inhibitor, a plasticizer, an anti-oxidant, a 



dispersant, an organic or inorganic suspending agent, etc. are added, 12 - 48- 
hour grinding and mixing of are done by the ball mill or attritor, for example, and 
a slurry is produced. Moreover, since it will become a defect after sheet forming if 
air bubbles remain in a slurry, it is desirable to remove air bubbles using 
deaerator. 

[0061] Furthermore, in order to adjust the viscosity of a slurry, the above- 
mentioned solvent is added if needed. Desirable viscosity is 1000 to SOOOcps 
(centipoise), and if it is in this range, adjustment of the thickness of a sheet will 
be made as for it to homogeneity. A slurry is continuously fabricated in thickness 
of 10 micrometers - 600 micrometers on polyester film using a doctor blade. It is 
necessary to carry out by mixing of powder and the forming cycle in the place 
which can intercept ultraviolet rays at this time. Otherwise, the sheet with which a 
green sheet carries out photo-curing by ultraviolet rays, and can demonstrate the 
effectiveness of this invention is not obtained. Subsequently, it heats at the 
temperature of 80-120 degrees C, solvents are evaporated, and it is made a 
sheet. This sheet is cut in a predetermined configuration. 
[0062] The range of the thickness of the ceramic green sheet of this invention is 
10 to 600 micrometers, and it is usually 30-300 micrometers preferably. If 600 
micrometers is exceeded, it will not penetrate enough to exposure of ultraviolet 
rays, but the effectiveness of photo-curing will fade. Moreover, since the handling 
of a green sheet becomes it difficult that it is less than 10 micrometers, and a 
precise substrate becomes impossible easily after baking and a ceramic 
substrate property falls, it is not desirable. When it is in this range, there is an 
advantage which can be formed without the aperture difference of the upper and 
lower sides of the veer hole and SURUHORU which have 0.01 -0.2mm of 
diameters sticking. Moreover, although the resolution of a veer hole changes with 
thickness of a green sheet, since the transparency that whose it is one or less it 
is ultraviolet rays is performed enough, an aspect ratio is desirable. In the case of 
40-micrometer thickness, formation of a 40-micrometer veer hole is desirable. 
[0063] It continues and exposure of ultraviolet rays and formation of a veer hole 



are performed to a ceramic green sheet, the photolithography method this 
process forms a veer hole by the alternative exposure of ultraviolet rays, and 
development ~ the good punching method carry out and according to a carbide 
drill - a veer hole ~ forming - before that process or after ~ the exposure of 
ultraviolet rays ~ a ceramic green sheet ~ photo-curing of the front face may be 
carried out at least. 

[0064] When forming a veer hole in a ceramic green sheet by the 
photolithography method, as the light source of the ultraviolet rays used for 
exposure, a low pressure mercury lamp, a high-pressure mercury-vapor lamp, a 
halogen lamp, germicidal lamp glass, etc. can be used. An ultrahigh pressure 
mercury lamp is suitable also in these. Exposure conditions are 5-100 mW/cm2, 
although it changes also with thickness of a green sheet. It is desirable to 
perform exposure for 1-30 minutes using the ultrahigh pressure mercury lamp of 
an output. Although it can be suitably chosen with the thickness of a green sheet, 
since the method of exposure can form a veer hole without an up-and-down 
aperture difference if thickness exceeds 200 micrometers, and it carries out 
double-sided exposure when aspect ratios (the thickness/diameter of a veer hole 
of a sheet) are 0.2-1 , it is desirable. Negatives are developed after exposure 
using a developer. Development is performed with dip coating or a spray method. 
The organic solvent which the acrylic copolymer which has a carboxyl group and 
an ethylene nature partial saturation radical, a photoreaction nature compound, 
and the mixture of a photopolymerization initiator can dissolve in the 
aforementioned side chain as a developer can be used. Moreover, water may be 
added in the range in which the solvent power is not lost by this organic solvent. 
Moreover, when a carboxyl group exists in the side chain of an acrylic copolymer, 
negatives can be developed in an alkali water solution. Although metal alkali 
water solutions, such as a sodium hydroxide and a calcium-hydroxide water 
solution, can be used as an alkali water solution, since having used the organic 
alkali water solution tends to remove an alkali component at the time of baking, it 
is desirable. As an example of organic alkali, tetramethylammonium hydroxide, 



trimethyl benzyl ammonium hydroxide, monoetlianolamine, dietlianolamine, etc. 
are mentioned. Tlie concentration of an alkali water solution is usually 0.1-1 % 
of the weight more preferably 0.01 to 5% of the weight. Without removing an 
unexposed part, if alkali concentration is too low, if alkali concentration is too high, 
exfoliation of the exposure section is caused and no possibility of making it 
corroding is easy to be. 

[0065] Moreover, although photo-curing of the green sheet is carried out to the 
front or the back when forming a veer hole by the punching method by the 
carbide drill, in that case, it exposes completely by ultraviolet rays and photo- 
curing of the front face is carried out at least. There should just be at least 5 
micrometers or more of thickness of the hardening layer on the front face of a 
green sheet after carrying out an optical exposure. It is 10 micrometers or more 
preferably. Since the thickness of a hardening layer is thin and chemical 
resistance falls that it is less than 5 micrometers, the poor development of an 
unexposed part occurs, and detailed conductor pattern formation becomes 
difficult, light exposure - FOTORISO ~ law ~ 20% or more in veer hole formation 
- it is - ****ing . Light exposure is 20 - 1000 mJ/cm2, although it changes with 
the thickness of a sheet, and content rates of an ultraviolet-rays extinction agent. 
The range is desirable. Since the tensile strength after photo-curing will increase 
two to 6 times and the chemical resistance of a sheet will also improve if it is in 
this range, it is desirable. 

[0066] The path of a veer hole is about 0.005-0.2mm, and a veer hole pitch is 
about 0.01 -5.0mm. 

[0067] It is necessary to perform mixing of the green sheet of this invention, 
printing, exposure, and a development process in the place which can intercept 
ultraviolet rays. Otherwise, the green sheet with which a slurry and a green sheet 
carry out photo-curing by ultraviolet rays, and have the effectiveness of this 
invention is not obtained. 

[0068] Thus, after performing exposure of ultraviolet rays, and formation of a veer 
hole, by an embedding method or the photolithography methods (in this case, it 



can also carry out to next conductor pattern fornnation and coincidence), sucli as 
printing, a squeegee, a dispenser, or a roller, it is filled up with conductive paste, 
such as copper, silver, gold, silver-palladiunn, a tungsten, and molybdenum, and 
the conductor for interlayer spacing connection of wiring is formed in a veer hole 
at the veer hole section. 

[0069] Embedding of conductive paste to the veer hole of this green sheet is 
repeatedly performed for every number of layers. 

[0070] This invention is characterized by using a photosensitive paste and 
forming a pattern on the ceramic green sheet with which it did in this way and the 
veer hole was formed. As a photosensitive paste, photosensitive conductive 
paste, photosensitive resistive paste, a photosensitive dielectric paste, a 
photosensitive insulation paste, etc. are used. These contain conductor powder, 
resistor powder, dielectric powder, insulator powder, and a photopolymer 
constituent, respectively. 

[0071] As conductor powder, the alloy containing metals, such as Cu, Au, Ag, Pd, 
Pt, W, and Mo, or these etc. is mentioned. 

[0072] as Cu system conductor powder - Cu(97-70)-Ag (30-30), Cu(95-60)- 
nickel (5-40), and Cu(90-70)- Ag (5-20) and Cr (3-15) (the inside of () expresses 
weight % above.) the following ~ the same ~ etc. ~ a system and the mixed 
metal powder of a 3 yuan system of 2 yuan are used preferably. Cu-Ag powder is 
desirable in the above, and especially since the powder which carried out the 
coat of the front face of Cu by 3 - 30% of the weight of Ag also in it can suppress 
oxidation of Cu, it is desirable. 

[0073] As Au, Ag, Pd, and Pt system conductor powder Ag(30-80)-Pd (70-20), 
Ag(40-70)-Pd(60-10)-Pt (5-20), Ag(30-80)-Pd(60-10)-Cr (5-15), Pt(20-40)-Au(60- 
40)-Pd (20), Au(75-80)-Pt (25-20), Au(60-80)-Pd (40-20), 2 yuan systems, such 
as Ag(40-95)-Pt (60-5) and Pt(60-90)-Rh (40-10) (the inside of () expresses 
weight % above), and the mixed exotic powdered metal of a 3 yuan system are 
used preferably. What added Cr and Rh in the above is desirable at especially 
the point that can improve an elevated-temperature property. 



[0074] As W and Mo system conductor powder, W and W(92-98)-TiB2 (8-2), 
W(92-98)-ZrB2 (2-8) and W-(92-98)-TiB2-(1-7) ZrB2 (1-7), W(95-60)-TiN (5-60) 
and W(90-60)-TiN(5-35)-TiO2 (2-10), W(90-60)-TiN(5-35)-TiO2-(2-10) nickel (1- 
10), W(99.7-97)-AIN (0.3-3), W(10-90)-Mo (90-10), W(92-98)-alunninum 2Y203 
(8-2), Mo, and Mo(92-98)-TiB2 (8-2), Mo(92-98)-ZrB2 (8-2) and Mo(92-8)-TiB2- 
(1-7) ZrB2 (1-7), Mo-TiN and Mo(90-60)-TiN(5-35)-TiO2 (2-10), Mo(90-60)-TiN(5- 
35)-TiO2-(2-10) nickel (1-10), 2 yuan systenns, such as Mo(99.7-97)-AIN (0.3-3), 
Mo(60-90)-Mn(40-10)-SiO2 (0-20), and W(30-90)-Mo(30-70)-Mn (3-30), and the 
mixed metal powder of a 3 yuan system are used preferably, the inside of the 
above ~ TiB2, ZrB2, and TiN, AIN, nickel and Ti02 what was added ~ a 
conductor ~ the bond strength of the film and an alumina substrate is improved ~ 
making ~ a conductor ~ especially since it is effective in lowering membranous 
resistance, it is desirable. 

[0075] As resistor powder, they are Ru02 and Ru02. A system, aluminum 
powder, and B-2 03 Glass powder to contain, aluminum powder, transition- 
metals powder, and B-2 03 Glass powder to contain, In 203 System-glass 
powder, Ru02-glass powder, LaB6-glass powder, Sn02 The glass powder which 
consists of addition article-glass powder, silicide-glass powder, NiO, Li2 03-B- 
203-Si02-RO (a kind as which R is chosen from Mg, calcium, Sr, and Ba), etc. is 
mentioned. 

[0076] Ru02 CdBiRu 207 called amorphism and crystal system, or a pie good 
roll compound, BiRu 207, BaRu05, LaRuOS, SrRuOS, CaRuOS, and Ba2 Ru04 
etc. ~ ****** . Ru02 As a system, it is Ru02-Si02. It can be used. 
[0077] aluminum powder and B-2 03 As glass powder to contain, aluminum is 4 - 
15 % of the weight, and B-2 03. The glass powder to contain is 96 - 85 % of the 
weight. B-2 03 As glass powder to contain, a B-2 03-BaO-Si02-Ta2 05- 
aluminum2 03-CaO-MgO system etc. is raised, this ~ MoSi2, AISi2, WSi2, and 
TiSi2 etc. ~ metal silicide can also be included. 

[0078] aluminum powder, transition-metals powder, and B-2 03 as the glass 
powder to contain ~ the above-mentioned aluminum powder and B-2 03 the 



glass powder to contain - in addition, transition-nnetals powder, such as Nb, V, 

W, Mo, Zr, Ti, and nickel, is contained. 

[0079] In 203 System-glass powder is 30 - 80% of the weight of In 203. What 
serves as a system from 70 - 20% of the weight of glass powder is raised. In 203 
Sn02+Sn02 which doped as a system ITO (what doped Sn to In 203), In 203, 
and Sb etc. - it is contained. Moreover, as glass powder, it is a Si02- 
aluminum203-MgO-ZnO-B2 03-BaO system etc. In this, it is Si02-B-2 03. Since 
the low temperature sintering of the system can be carried out, it is desirable. 
[0080] Ru02-glass powder, LaB6-glass powder, and Sn02 The glass powder 
used for addition article-glass powder or silicide-glass powder The presentation 
at 90 - 30 % of the weight with a total amount aluminum2 03 10-30 % of the 
weight. It is B-2 03 6-30 % of the weight, Si02 10-45 % of the weight, 5 - 40 % of 
the weight of CaO(s), and 15-50 % of the weight of ZnO(s), and the remainder 
is 10 - 70% of the weight of Ru02, LaB6, and Sn02. They are an addition article 
or silicide. 

[0081] These are Ti02 although the powder on the basis of** lead and the 
powder on the basis of ** barium titanate are mentioned as dielectric powder. 
AB03 to which most will be called a perovskite structure if it removes It consists 
of a mold and there is the description which can control a presentation by the 
stoichiometric ratio uniformly. 

[0082] As powder on the basis of lead, ** Lead titanate PbTiOS and a lead 
wolframate PbW03, zincic acid lead PbZnOS, ferric acid lead PbFeOS, 
magnesium **** PbMg03, lead niobate PbZb03, nickel **** PbNi03, lead 
zirconate PbZr03, a compound perovskite system dielectric, and titanium oxide 
Ti02 etc., although raised As typical dielectric powder Pb(Fex W (1-x)) 03-Pb () 
[ Fey ] Nb(1-y) 03 and PbTi03 - Pb(Mgx Nb (1-x)) 03, Pb () [ Znx ] Nb(1 x) 03- 
BaTiOS, Pb () [ Znx ] Nb(1-x) 03-Pb () [ Fey ] W(1-y) 03-Pb () [ Fez Nb (1-z) ] 03 
and Pb(Znx Nb (1-x)) 03-PbTi03-BaTi03, Pb(Mgx W (1-x)) 03-PbTi03-PbZr03, 
and Pb (Mgx Nb (1-x) 03-PbTi03-Pb(Mgy W (1-y)) 03 ~) Pb(Mgx W (1-x)) 03- 
Pb(ZryTiO (1-y)) 03+ZnO, Pb(Mgx Nb (1-x)) 03-PbTi03-PbO, and Pb(FexNb (1- 



x)) 03-Pb(Mgy Nb (1-y)) 03, The perovskite type complex compound of 2 yuan 
systems, such as PbTi03-Z (La 203), or a 3 yuan system, and ZrO(Pbx Ba (1-x)) 
3 and Srx Pb (1-x) Ti03, (1-Z) The compound of PLZT {(Pb(1-x) Lax) (Zry Tiz) 
(1-X/4) 03} etc. is mentioned. 

[0083] ** as the powder on the basis of barium titanate - barium titanate BaTi03, 
strontium titanate SrTi03, zirconic acid calcium CaZr03, and titanic-acid calcium 
CaTi03 etc., although raised As typical dielectric powder ((Bax Sr (1-X))) [ Sny Ti 
(1-y) ] 03, Ba(Tix Sn (1-x)) 03, Bax Sr (1-x) Ti03, BaTi03-CaZr03, BaTi03-Bi4 
Ti 3012, and 0(Zry TiO (Bax calcium (1-x)) (1-y)) 3 etc. - a 2 yuan system ~ 
The compound of a system of 3 yuan is mentioned. 
[0084] As insulator powder, the ceramic powder used for the ceramic green 
sheet of this invention and the same insulator powder are used preferably. 
[0085] Although a well-known thing can be used as a photopolymer constituent, 
especially a desirable thing contains the acrylic copolymer, photoreaction nature 
compound, and photopolymerization initiator which have a carboxyl group and an 
ethylene nature partial saturation radical in the above-mentioned side chain. If 
the photosensitive paste containing the photopolymer constituent of this 
presentation is used, a detailed pattern (L (line breadth) / S(width-of-face 
spacing) = 20 micrometers / 20 micrometers) can be formed by the 
photolithography method. 

[0086] In order to form a pattern on a ceramic green sheet using a photosensitive 
paste, a photosensitive paste is first applied on a green sheet with usual screen 
printing or a usual spin coat method, and it dries. Next, using the photo mask 
which has a circuit pattern, ultraviolet rays are irradiated selectively, and are 
exposed, and photo-curing of the photosensitive paste is carried out. Next, a 
developer removes an unexposed part and the detailed pattern as a mask is 
obtained. The process of exposure and development is performed like the case 
of the above-mentioned green sheet. 

[0087] Although a non-hardened sheet is used for the green sheet which formed 
the veer hole with the carbide drill when embedding a conductor in the veer hole 



of a green sheet, the embedded method is performed like ****. 
[0088] Thus, a conductor, a resistor, a predetermined dielectric, or a 
predetermined insulator pattern is printed on a sheet front face. Moreover, a 
guide hole is made by the approach same with forming a veer hole. Next, the 
sheet of required number of sheets is accumulated using a guide hole, and it is 
50-200kg/cm2 at the temperature of 90-130 degrees C. It pastes up by the 
pressure and the sheet which consists of a multilayer substrate is produced. 
[0089] Next, the ceramic multilayer substrate with which the above-mentioned 
sheet was calcinated with the firing furnace, and patterns, such as a conductor 
and a conductor, were formed in the veer hole is produced. A firing environments 
and temperature change with classes of a ceramic substrate or conductor. In the 
case of the low-temperature baking multilayer substrate which consists of 
ceramics or glass ceramics, it holds at the temperature of 850-1000 degrees C 
for several hours, and it calcinates an insulating layer. In an alumina, nitriding 
aluminum, or a mullite substrate, it calcinates over several hours at the 
temperature of about 1600 degrees C. With conductors, such as Cu, W, Mo, and 
W-Mo, it calcinates by the reducing atmosphere containing the neutrality and 
hydrogen of nitrogen etc. What is necessary is just the ambient atmosphere 
which enables oxidation of the organic substance, such as the acrylic copolymer 
which has a carboxyl group and an ethylene nature partial saturation radical in 
the side chain contained in a green sheet at the time of baking, a photoreaction 
polymerization nature compound, organic dye, a stabilizing agent, a plasticizer, 
or a solvent, and evaporation. It can calcinate in the ambient atmosphere which 
the conductor contained 3-100 ppm of oxygen by Cu, W, Mo, and W-Mo as such 
a thing, and the remainder controlled by inert gas or steams, such as nitrogen or 
an argon. After holding burning temperature at 300-600 degrees C as 
temperature which it oxidizes [ temperature ] to organic binder completeness and 
evaporates it for 5 minutes to several hours, and holding at the temperature of 
800-1600 degrees C for several hours, it produces a ceramic multilayer substrate. 
[0090] As for the carbon content which remains in the multilayer substrate after 



baking, it is desirable tliat it is 250 ppm or less. If there are many carbon contents 
which remain, problems, such as decline in the porosity of a multilayer substrate, 
lowering on the strength, an increment in a dielectric constant, an increment in 
dielectric loss, an increment in leakage current, or lowering of insulation 
resistance, will be produced. Moreover, 100 ppm or less of residual carbon 
contents are 50 ppm or less more preferably. 
[0091] 

[Example] Hereafter, an example explains this invention concretely. In addition, 
all are expressed with weight % unless especially concentration is refused by the 
following explanation. 

[0092] Alumina powder of example 1 - 10A. ceramic component **99.5% purity; 
the spherical powder end of the mean particle diameter of 1.7 micrometers, and 
specific surface area of 1 .1m 2 / g. 

** KODI light powder; the spherical powder end of the mean particle diameter of 
2.4 micrometers, and specific surface area of 5.0m 2 / g. 
** Glass-ceramics powder; 50% of alumina (inorganic filler) powder, 50% (glass 
presentations are SiO 2; 60, CaO;20, aluminum 203; 20, MgO;5, B-2 03;5, and 
TiO 2; 3.) of glass powder. Impalpable powder of the glass powder was 
beforehand carried out in attritor, and it used the spherical powder end of 
powdered mean particle diameter, 2.2 micrometers, specific surface area, and 
1.5m2/g. 

B. ultraviolet-rays extinction agent ** organic dye; ~ azo dye; ~ Sudan IV (Sudan) 
Chemical formula; C24H20N4 O, molecular weight;380.45** organic dye; azo 
dye; oil yellow alumnus (Oil Yellow alumnus) 

Chemical formula; the polymer to which the addition reaction of the 0.4Eq (it 
corresponds to 40%) glycidyl methacrylate (GMA) was carried out to the carboxyl 

group (MAA) of the copolymer which consists of CHS C4 H4 N:NC10H4 NH2, 
molecular-weight;261.33C. polymer binder 40% methacrylic acid (MAA), 30% of 
methylmetaacrylate (MMA), and 30% of styrene (St). The acid number of a 
polymer was 95. 



[0093] D. Photoreaction nature compound (nnononner) 

Trimethylol propane thoria chestnut RATO E. solvent isopropyl alcohol (IPA), 

butyl alcohol (BA), and the nnixed solvent of a nnethyl ethyl ketone (MEK) 

(16:2:82) 

F. The photopolynnerization initiator alpha-annino acetophenone was added 20% 
to total with a polymer and a monomer. 

[0094] G. The sensitizer 2 and 4-diethyl thioxan ton were added 20% to total with 
a polymer and a monomer. 

[0095] H. Plasticizer dibutyl phthalate (DBP) was added 30% to total with a 
polymer and a monomer. 

[0096] I. A dispersant cation or "FUROREN" (G-700, maleic-acid partial ester 
system) was added 1.5% to ceramic powder. 

[0097] The production solvent and polymer binder of a <production of green 
sheet> A. organic vehicle are mixed, stirring, it heated to 120 degrees C and all 
polymer binders were dissolved in homogeneity. Subsequently, a solution is 
cooled to a room temperature, and the photopolymerization initiator was added 
and it was made to dissolve. This solution was filtered using the filter of 400 
meshes after that, and the organic vehicle was produced. 
[0098] B. Predetermined carried out amount (it is 0.5% to ceramic powder) 
weighing capacity of the production organic dye of extinction agent addition 
powder, the cation dispersant was added to the solution dissolved in isopropyl 
alcohol (IPA), and it stirred to homogeneity by the homogenizer. Next, 
predetermined carrying out amount addition of the ceramic powder into this 
solution, and distributing and mixing at homogeneity, using the rotary evaporator, 
it dried at the temperature of 150-200 degrees C, and IPA was evaporated, in 
this way, the powder (being the so-called ~ capsule processing was carried out) 
which coated homogeneity with the front face of the ceramics by the film of 
organic dye was produced. A powdered absorbance is shown in a table 1 and a 
table 2. 

[0099] C. It added so that it might become the above-mentioned organic vehicle 



with a predetermined presentation about a photoreaction nature connpound, tlie 
powder (ceramic powder winich carried out capsule processing by organic dye) of 
extinction agent addition, a FUROREN dispersant, a sensitizer, a plasticizer, and 
a solvent, and by attritor, wet blending of the production of a slurry preparation 
slurry was carried out for 24 hours, and it was prepared. Furthermore, degassing 
was carried out with the vacuum agitator for 24 hours, and the slurry was 
adjusted. The viscosity of the produced slurry was measured by rotational 
frequency 50rpm with the Brookfield viscometer (type;RVDV-ll+), and was 
2000cps. 

[0100] A slurry presentation is shown in a table 1 and a table 2. 

[0101] D. Production shaping of a green sheet set the gap of the carrier film of 

polyester, and a blade to 0.7mm in the interior of a room which intercepted 

ultraviolet rays, and was performed with the doctor blade method by part for 

20cm/in shaping rate. The thickness of the obtained green sheet was 145-155 

micrometers. 

[0102] E. After cutting the green sheet produced by exposure and the 
development above on 130mm square, it heated in temperature of 90 degrees C 
for 40 minutes, and the solvent was evaporated. Next, using the chromium mask 
which has the 3000 veer hole number of 60 micrometers of diameters using a 
chromium mask, an ultrahigh pressure mercury lamp is used from a top face, and 
it is light exposure 250 mJ/cm2. Ultraviolet-rays exposure was carried out. Next, 
it was immersed in 0.5% of the weight of the water solution of the 
monoethanolamine held at 25 degrees C, negatives were developed, and 
backwashing by water of the veer hole which has not carried out photo-curing 
using the spray after that was carried out. 

[0103] F. a veer hole ~ a conductor ~ a tungsten, a silver-palladium alloy (when 
ceramic powder ** is used), or copper (when ceramic powder ** is used) thick 
film paste was embedded with screen printing (when ceramic powder ** is used), 
and the conductor for the interlayer connections of wiring was formed in 
embedding, next the veer hole of a green sheet. 



[0104] G. The conductor pattern for signals was fornned in tlie green slieet wliich 
embedded the conductor by the conductor pattern formation above E in the veer 
hole by photosensitive conductive paste. Pattern formation by production and this 
paste of photosensitive conductive paste was performed by the following 
approach. Moreover, pattern formation for voltage planes was performed with 
screen printing using nonphotosensitivity silver, commercial copper, and 
commercial tungsten paste. About the green sheet of the glass ceramics of **, 
the photosensitive copper paste was used [ the photosensitive tungsten paste ] 
for the green sheet of the KODI light of ** for the photosensitive silver paste at 
the green sheet produced with the alumina powder of ** among the above- 
mentioned ceramic powder, respectively. 

[0105] 1. Production 1-1 of photosensitive conductive paste The end of an 
electric conduction powder ** silver-palladium alloy powder (palladium 5%); the 
powder which has the spherical mean particle diameter of 1.5 micrometers, and 

specific surface area of 0.15m 2 / g was used. 

[0106] ** Copper powder; the powder which has the mean particle diameter of 
3.0 micrometers of a polyhedron configuration, and specific surface area of 
0.32m 2 / g was used. 

[0107] ** Tungsten powder; the powder which has the mean particle diameter of 
2.0 micrometers of a polyhedron configuration, and specific surface area of 0.2m 
2 / g was used. 

[0108] It added 89% by considering the above-mentioned electric conduction 

powder as a paste presentation, respectively. 

[0109] 1-2 The polymer to which the addition reaction of the 0.4Eq (it 

corresponds to 40%) glycidyl methacrylate (GMA) was carried out to the carboxyl 

group (MAA) of the copolymer which consists of polymer binder 40% methacrylic 

acid (MAA), 30% of methylmetaacrylate (MMA), and 30% of styrene (St). The 

acid number of a polymer was 100. The polymer was added 6%. 

[01 10] 1-3 Monomer trimethylol propane thoria chestnut RATO was added 4%. 

[01 1 1] 1-5 The glass frit of the presentation containing a glass frit calcium oxide 



(5.0), a zinc oxide (28.1), boron oxide (25.0), a silicon dioxide (22.8), sodiunn 
oxide (8.8), a zirconiunn dioxide (4.5), and an alunnina (5.8) was added 1%. 
[0112] 1-4 Solvent gannnna-butyrolactone 1-5 The photopolymerization initiator 
alpha-annino acetophenone was added 2% (it is 20% to total with a polymer and 
a monomer). 

[01 13] 1-6 Plasticizer dibutyl phthalate (DBP) was added 0.6% (10% of a 
polymer). 

1-7 The sensitizer 2 and 4-diethyl thioxan ton were added 2% (it is the same as a 

photopolymerization initiator comparatively). 

[0114] 1-8 Sensitization assistant p-dimethylamino ethyl benzoate ester (EPA) 
was added 2% (it is the same as a photopolymerization initiator comparatively). 
[01 15] The production solvent and polymer binder of a 1-9 organic vehicle are 
mixed, stirring, it heated to 80 degrees C and all polymer binders were dissolved 
in homogeneity. Subsequently, a solution is cooled to a room temperature, and 
the initiator was added and it was made to dissolve. After that, the filter of 400 
meshes was passed and the solution was filtered. 
[0116] 1-10 It added so that it might become the organic vehicle of the 
conductive paste production above with a predetermined presentation about 
conductive powder, a monomer, a plasticizer, a sensitizer, a sensitization 
assistant, and a solvent, and 3 rollers mixed and distributed at homogeneity and 
three kinds of pastes were produced. The presentation of a paste is shown in a 
table 2. 

[01 17] 1-11 The paste of the printing above was printed to the green sheet solid 
one using the screen made from polyester of 320 meshes, and at 80 degrees C, 
it held for 40 minutes and dried. Although the thickness of the spreading film after 
desiccation changed with classes of conductive powder, it was about 25 

micrometers. 

[0118] 1-12 Use the chromium mask in which the 30-50-micrometer detailed 
circuit pattern was formed for the spreading film produced by exposure and the 
development above, and they are light exposure and 500 mJ/cm2 from a top face. 



Ultraviolet-rays exposure was carried out. Next, it was immersed in 0.5% of the 
weight of the water solution of the monoethanolamine held at 25 degrees C, 
negatives were developed, and backwashing by water of the unexposed part was 
carried out using the spray after that. 

[0119] H. a laminating silver-palladium alloy and a tungsten ~ the green sheet of 
five sheets in which the conductor and the power circuit were formed ~ a guide 
hole ~ using ~ putting ~ 120 degrees C ~ 150kg/cm2 Thermocompression 
bonding was carried out by the pressure and the multilayer ceramic green sheet 

which consists of five layers was produced. 

[0120] I. ~ the layered product of five layer of sintering profit **** ~ silver ~ the 
case of a conductor ~ 500 degrees C ~ the inside of air ~ 1 hour and copper ~ 
after calcinating by having held for 24 hours in the nitrogen gas which contains 
10 ppm of oxygen at 500 degrees C and evaporating a binder, a monomer, a 
plasticizer, and a sensitizer, in the case of the conductor, it sintered, and it 
obtained the multilayer substrate. The sheet of a KODI light of sintering 
temperature was 950 degrees C, and at 900 degrees C, the sheet of glass 
ceramics was held for 1.5 hours, and was performed. 
[0121] The green sheet (sheet of an alumina) which used the tungsten as the 
conductor is H2 gas (hydrogen) and N2. Baking of 24 hours was performed at 
500 degrees C in the gas (nitrogen) ambient atmosphere, and after the debinder, 
it held for 1.5 hours, and sintered at the temperature of 1600 degrees C, and the 
multilayered ceramic substrate was obtained. 

[0122] J. They are light exposure and 500 mJ/cm2 about three kinds of green 
sheets, the alumina produced by the on-the-strength measurement above C of a 
green sheet, a KODI light, and glass ceramics. Ultraviolet-rays exposure was 
carried out and the tensile strength before and behind exposure of a green sheet 

was measured. The result was shown in a table 1. 

[0123] K. The rate of change of resistance of the existence of poor open-circuit 
generating from leakage current and the veer hole section and a veer hole and 
the load (THB) trial in ** were performed about the ceramic multilayer substrate 



after assessment baking. The THB test investigated early insulation resistance, 
impressed the direct current voltage of 50V between the insulating layers after 
1500-hour maintenance under the environment of the temperature of 85 degrees 
C, and 85% of humidity further, and measured insulation resistance. The result 
was shown in a table 1 and a table 2. a conductor - membranous specific 
resistance was measured by 4 terminal method. 

[0124] Thus, since the ceramic multilayer substrate which formed the veer hole 
by the photolithography method using the green sheet containing the resin of a 
photoresist, performed pattern formation by photosensitive conductive paste 
further, and was produced can form a detailed veer hole and a detailed 
conductor pattern, it is advantageous to a miniaturization and especially 
densification. It was unnecessary, the screen for veer hole formation became 
self-alignment, and location gap like before was lost. Moreover, a uniform veer 
hole can be formed by photo-curing, since the veer hole is detailed, there is also 
no generating of the pore in the veer formation section, and an open circuit was 
not accepted at all. Consequently, high dependability was able to be acquired. 
[0125] Moreover, as compared with the conventional multilayer substrate whose 
diameter of a veer hole is two to 3 times, signal propagation velocity decreased 
substantially. 

[0126] since the cross-section configuration of the conductor pattern furthermore 
formed by the photolithography method serves as an abbreviation rectangle, the 
pattern design by CAD and CAM is possible ~ becoming ~ a conductor ~ the 
flow of the current between circuits becomes smooth. When using in a RF field 
100MHz or more especially, generating of a noise and fear of a cross talk 
decrease substantially. A reliable ceramic multilayer substrate is obtained. 
[0127] Moreover, the sheet which is not hardened [ conventional ] increased 
greatly the green sheet which carried out photo-curing to 2.7-1 0.OMPa to 
1 .4MPa(s). Since veer hole processing comes to be also able to do a thin sheet 
and handling also becomes easy when reinforcement improved, the 
miniaturization of a ceramic multilayer substrate is expectable. 
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The example 11-16 photosensitivity green sheet were produced on condition 
that the following. 

[0129] A. The powder which has the KODI light powder nnean particle dianneter of 

1 .5 nnicronneters, and specific surface area of 8nn 2 / g was used. 

[0130] B ultraviolet-rays extinction agent organic dye; ~ azo dye; ~ Sudan IV 

(Sudan), chennical fornnula;C24H20N4 O, and nnolecular weight;380.45. 

[0131] C. The acrylic copolymer (methacrylic ester-acrylic ester copolymer) and 

photosensitive polymer of polymer binder nonphotosensitivity. The photosensitive 

polymer binder used the polymer stated by C of the above-mentioned example 1. 

[0132] D. Photoreaction nature compound (monomer) 

The mixed solvent of a trimethylol propane thoria chestnut RATO E. solvent 



methyl ethyl ketone (MEK), isopropyl alcohol (IPA), and a butanol (64:5:31). 
[0133] F. 20% of total of a photopolymerization initiator alpha-amino 
acetophenone with photosensitive polymer and a monomer - having added . 
[0134] G. Plasticizer dibutyl phthalate (DBP) was added 30% to total with a 
polymer (photosensitivity and non photosensitivity) and a monomer. 
[0135] H. A dispersant cation or "FUROREN" (G-700) was added 1.5% to 
ceramic powder. 

[0136] The production solvent and the nonphotosensitivity and photosensitive 
polymer binder of a <production of green sheet> A. organic vehicle are mixed, 
stirring, it heated to 120 degrees 0 and all polymer binders were dissolved in 
homogeneity. Subsequently, a solution is cooled to a room temperature, and the 
photopolymerization initiator was added and it was made to dissolve. This 
solution was filtered using the filter of 400 meshes after that, and the organic 
vehicle was produced. 

[0137] B. Predetermined carried out amount (it is 0.5% to ceramic powder) 
weighing capacity of the production organic dye of extinction agent addition 
powder, the cation dispersant was added to the solution dissolved in isopropyl 
alcohol (IPA), and it stirred to homogeneity by the homogenizer. Next, 
predetermined carrying out amount addition of the ceramic powder into this 
solution, and distributing and mixing at homogeneity, using the rotary evaporator, 
it dried at the temperature of 150-200 degrees C, and IPA was evaporated. In 
this way, the powder which coated homogeneity with the front face of the 
ceramics by the film of organic dye was produced. A powdered absorbance is 
shown in a table 3. 

[0138] C. It added so that it might become the above-mentioned organic vehicle 
with a predetermined presentation about a photoreaction nature compound, the 
powder of extinction agent addition, a FUROREN dispersant, and a plasticizer, 
and with the ball mill, wet blending of the production of a slurry preparation slurry 
was carried out for 24 hours, and it was prepared. Furthermore, degassing was 
carried out with the vacuum agitator for 24 hours, and the slurry was adjusted. 



[0139] The viscosity of tlie produced slurry was measured by rotational frequency 
SOrpm with the Brookfield viscometer (type;RVDV-ll+), and was 2000cps. 
[0140] A slurry presentation is shown in a table 3. 

[0141] D. Production shaping of a green sheet set the gap with a blade to 0.7mm 
in the interior of a room which intercepted ultraviolet rays using the carrier film of 
polyester, and produced it with the doctor blade method by shaping rate 20 
cm/min. The thickness of the obtained green sheet was 150 micrometers. Next, 
the hole of 100 micrometers of diameters of a veer hole was processed into the 
green sheet of one sheet of the size of 130mm angle 2000 in the punching press 
by metal mold. 

[0142] E. a veer hole - a conductor - copper thick film paste was embedded with 
screen printing in the stopgap above-mentioned veer hole, it held for 40 minutes 
at 80 degrees C, and the solvent was dried. 

[0143] F. Use a chromium mask for open Koji and they are light exposure and 

200 mJ/cm2 from a top face. Ultraviolet-rays exposure was carried out with the 
ultrahigh pressure mercury lamp, and photo-curing of the green sheet was 
carried out. 

[0144] G. Solid printing was carried out with a photosensitive copper paste like F 
of the example 1 of the conductor pattern printing above at the sheet after the 
above-mentioned exposure, and at 80 degrees C, it held for 40 minutes and 
dried. The spreading thickness after desiccation was 25 micrometers. 
[0145] H. Use the chromium mask which formed the fine pattern of 20- 
micrometer spacing in 20-40 micrometers for the spreading film produced on the 
sheet by exposure and the development above, and they are 800 mJ/cm2 from a 
top face. Ultraviolet-rays exposure was carried out. Next, it was immersed in 
0.5% of the weight of the water solution of the monoethanolamine held at 25 
degrees C, negatives were developed, and backwashing by water of the 
unexposed part was further carried out using the spray. 
[0146] I. ~ after holding at 500 degrees C for 30 minutes and evaporating a 
polymer binder, a monomer, a sensitizer, a plasticizer, etc. in the nitrogen gas 



which contains the spreading filnn in which the detailed pattern was fornned on the 
baking green sheet, 10 ppm of oxygen, it sinters at 900 degrees C for 1 hour - 
making ~ copper ~ a conductor ~ the film was produced. The sheet lengthened 
the underlay powder of an alumina to the alumina substrate of the high grade 
which ground the front face, and calcinated lightly on the sheet further, having 
covered the weight. 

[0147] J. the copper after assessment baking - a conductor - ******** thickness, 
resolution, and specific resistance were measured and evaluated. Thickness was 
measured by the micrometer, resolution -- a conductor - microscope observation 
of the film was carried out and the 20-40-micrometer line determined line spacing 
from which repeatability is acquired in a straight line that there is no lap as most 
detailed line spacing. Specific resistance measured electromotive force under the 
30mA current by 4 terminal method, and asked for resistance. A result is shown 
in a table 3. 

[0148] Thus, since line breadth/line spacing is detailed patterns (30 micrometers / 
30 micrometers or less) and the circuit pattern of low resistance is obtained by 
the photolithography method using the conductive paste containing the resin of a 
photoresist, it can be used especially especially as conductive paste for inner 
layers of a ceramic multilayer substrate. Consequently, miniaturization of a 
ceramic multilayer substrate and densification are made much more possible. 
[0149] 
[A table 3] 
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The green sheet of nonphotosensitivity [ the conditions of the exannple of 
comparison 1 following ] was produced. The used slurry presentation is as 
follows. 

[0150] A. Ceramic powder KODI light powder; the spherical powder end of the 
mean particle diameter of 2.4 micrometers, and specific surface area of 5.0m 2 / 

g- 

[0151] B. The mixed solvent of a polymer binder acrylate resin C. plasticizer 
dibutyl phthalate D. solvent methyl ethyl ketone, isopropyl alcohol, and a butanol 
(64:5:31) 

E. the organic vehicle made to dissolve a polymer binder in the production 
solvent of a dispersant FUROREN <production of green sheet> A. slurry - using 
- as a final slurry presentation - KODI light powder, a binder, a dispersant, a 
plasticizer, and a solvent - respectively - 62, 15, 1, and 3 - and it added 19%, 
and by attritor, wet blending was carried out for 24 hours, and it adjusted. 



Furthermore, degassing was carried out witli tlie vacuum agitator, and tlie slurry 

for sheet forming was produced. 

[0152] B. It fabricated by gap 0.8mm of the carrier film of polyester, and a blade 
with the doctor blade method on 20cm conditions for /in shaping rate using the 
slurry of the green sheet production above. The thickness of the obtained green 
sheet was 150 micrometers. 

[0153] Next, conductor pattern formation was tried to the green sheet using the 
photosensitive copper paste of the above-mentioned example 1. However, 
although various development conditions after exposure were changed and 
examined, an unexposed part could not be removed and pattern formation was 
not completed. 

[0154] The photosensitive green sheet of the example of comparison 2 following 
was produced. That is, the green sheet of an alumina with a thickness of 160 
micrometers was produced on the same conditions as an example 2 except not 
adding an ultraviolet-rays extinction agent. They are light exposure and 500 
mJ/cm2 to this green sheet. Ultraviolet-rays exposure was carried out on 
conditions. Next, although conductor pattern formation was tried using the 
photosensitive copper paste like the example 1 of a comparison, an unexposed 
part could not be developed and pattern formation was not completed. Moreover, 
although a knee and camber were accepted in the sheet after exposure and 
tensile strength was measured, as compared with the sheet which added the 
ultraviolet-rays extinction agent, they were 0.8MPa(s) and low strength. 
[0155] 

[Effect of the Invention] Since the organic solvent contained in the organic 
polymer contained in the raw sheet before baking, a plasticizer, a solvent, or 
various kinds of additives and a photosensitive paste reacted and an unexposed 
part was hardly able to remove at the time of development even if it is going to 
use a photosensitive paste and is going to carry out pattern formation on the 
ceramic green sheet of the conventional nonphotosensitivity, pattern formation 
was difficult. Moreover, even if it was going to use the photosensitive paste and 



was going to carry out pattern fornnation on the conventional pliotosensitive 
ceramic green slieet, tlie ultraviolet curing of a green sheet was inadequate, the 
same problem as a nonphotosensitivity green sheet arose, and pattern formation 
was difficult. In this invention, since an ultraviolet-rays extinction agent is 
contained in a ceramic green sheet, a good pattern can be formed on a sheet 
using a photosensitive paste. This is based on the chemical resistance of a sheet 
and solvent resistance improving, a reaction with the organic solvent under 
photosensitive paste hardly occurring, and clearance of an unexposed part being 
made thoroughly, as a result of fully making the ultraviolet curing of a sheet. In 
addition to this, ultraviolet curing gives effectiveness, such as improvement in the 
dimensional accuracy of a sheet, and a mechanical strength. Especially tensile 
strength improves by leaps and bounds. 

[0156] thus, since a photosensitive paste is used and pattern formation can be 
carried out on a ceramic green sheet, a detailed conductor (last 
shipment=30micrometer/ 30 micrometers), a resistor, a dielectric, and insulator 
pattern formation become possible, and the conductor pattern of low resistance 
obtains - having - the object for the inner layers of a ceramic multilayer 
substrate - formation of a conductor is attained. Moreover, since the tensile 
strength of a sheet improves substantially, it is effective in thin-film-izing of a 
green sheet. Miniaturization of a ceramic multilayer substrate and densification 
are made much more possible these results. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is a graph showing the relation between nneasurennent wavelength 
and an absorbance. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 

DRAWINGS 



[Drawing 1] 



















3S0 360 370 440 450 ' 



dim) 
ISIl 



[Translation done.] 



(WBmmjf (jp) (12) ^ 4# 1^ ^ $1 (A) (iD^f^mis^is*^ 

#li¥7- 135386 



(51) Intel." 










F I 






H 0 5 K 


3/10 


c 


7511 


-4E 








GO 3 F 


7/004 


5 0 1 
5 0 6 












HO 5K 


1/03 
3/46 


B 
H 


7011 
6921 


-4E 
-4E 




m^mmis ol 


(^ 20 H) 


(21)tilK#^ 




#K¥5- 279880 






(71)diSA 


000003159 




(22)tilS0 




¥^5 ¥(1993) 11^ 9 0 




















IE* m 
















H — 

8Sfi!lr±»*HajlTBl# 














a2)m^ 




1^ yKvm 



(54) [^?SO^I4;] ■fe75>vi'X-:J^U->'->-h-htCAiS'->'£?g^§;&li 



(57) [sm] 

•1.0 •fe^S^i'X • i^U->v-h±icS7fett^-7,h 



-601- 



(2) 

1 

[if*5l] £tT© (1) ~ (3) ©Xig^^ti^t 

[it^«3] ±tH (2) i@(:43^^T, m^m(Dm 

^m^iihtcmz. m«0)ij^(r<fcD-k95 7i'x • 

h> ii^«fi#:^-xh, ii^ftM«^-x hfcctr; 
i&siiti^mt-rsw^aitcaw-fe^^-vi'x • i^u 30 

VUzn^-y^nm-^^lk. 50 



#M¥ 7-135386 

2 

mim 1 1 ] ^mym-ifir^mm-ch^ <itm 

v±.\zn9-y-^w^m^iim. 

m^m 12] y^7.mmm9^mwm\\zii 

i9Ma^nTl'5S^^:S:#Si!frStt*Jll OfH^CO-fe 

So 

[ItsRja 1 3 ] '^^mWm(D 350~450nmt 

^\-y^m.^^(Dm^mi)^i o~i 5 o-vh^ct^i^w 

[»*ai4] ^^l-H^SJOS 5 0~4 5 OnmtC 
43lt^K7feS©a^i'fIJ5^*2 0-1 0 Ot$.5;i<t$«fm 
c!:-r-g)i»*«l|Bfc©-k75:yi'X • i^U-^i^-hi 

x»*, ffl^ci3;^#=^v;^a^:x5^^>tt:^gg?^s& 

75yi7X • i/U->v'-h±(I/'?5'->SJ^^-r§^ 

So 

n-7. T^i^yr. -^iJU7> 

-fh. xtf^;K 7:tJi'Xx^'i' 7y— y-<h, -tr 

^j:< t*>-aTfeS' t^#i!it-r5«^JaiiE«o-ir 

^s^yi'x • !f^}-yy-v}i\zA-^-y^mmt^i3 

So 

17] x»*^, nfttfmesia 

Si02 3 0~7 0a*% 

A I2 O3 5~2 5S*% 

CaO 5~2 5mM% 

Mgo o~ioaM% 

B2 Os 3-5 0 2*% 

TIO2 0~15a»% 

CQ&^ifelSHT, m^ifi^ b^m%&.±.tU^1}yxm.i^ 

m*4 0~6 0«S%t, y)V%ir^ i?)V^-7. -^f 

;k 7;t;PXT-^-f 7/— 9--rh, ■t;i/v7>, y 

'J * :fe J: t/Sft 7 ;P 5 0#;5> 5 S«nfc '>/^d: < t -fi 
©ffili^-f' 7-t&*6 0-4 OMMJ^tCDSSfM-p-tlT 

5 t !|*IS t-r sit*:^ 1 laito-k 7 5 <y X • ^ 

18] h X ^ U ^gftsij ^ 

^^•r s ;i mmt-rm^m i laaco-k ^ 5 -y x 
• if^j~yy-h±.\z/-^^-y^mm-^:^mo 

[0 0 0 1] 



-602- 



(3) 

3 

[0 0 0 2] 

■&yhi^u->~>-h^#^ft«iLTiftEm nmz 

[0 0 0 3] • ^U->>'-h«, 

- 2 3 2 7 9 iWlXm.^m'm-^-X 4 14 5 

ff^y-yy-V\zny=^ ■ ^^xzii.^^m^v-^'^o:! 

[0 0 0 4] Sfc, #M[fa6 3-6 4 9 5 3^iif?S:fei: 30 

rx#rji¥2 - 2 0 4 3 5 e^^^ffitcta, ^v^v^t^w. 
■t^mm\z^m.-^mi^^xm.\'cz'iit^y^ y 
h \z\L7s7v n^c^m-^^t^^^y-yy- vim%-^n 
[0 0 0 5] -^^ mk^'}-yy-ViL\zMi^n^- 

(ipSKH) =8 0 Mm/ 8 0 {im£^T©M/X^->® 40 

)ttt*m^-xh[m ^h^^^\t9y97s7-yu}i(D 
^a^ii^sj, ^iMms,^ 

^mo-fe 9 5 y X* £ t X U - 

Lfcii^^sm m^n^-y-m-t^-yiiY'^T.^-^ 



#M¥ 7-135386 

^'^mmMm^'^^rci^mm^-T.hiz^^t^^mm 
mmmzmyt3m^mmzmh\,^t^^imm 

[0 0 0 6] 

mt. -fe^Syi'X ■ i^U->->-h-ht^^1S^-X 
[0 0 0 7] 

KKO (1) ~ (3) <DXU^'^tS^t^mWitt^± 

m\z^m^-^ni>o 

\zm^, ^mu -fey^^y^x • ^u->'>-hsfps 

(2) n-^y^y^T. ■ ^^)-yy-h\Z^ 
(3) 'y^'74^-;i/OJ]^^$n75:-fe7 5!yi'X • i^U- 
[0 0 0 8] -rUt)-^. :^^m\i-ty^y^X-Vifnh 

-XMe:iDA^'->^fl^^T?^St>®T$>^o 
[0 0 0 9] *^Bj© (1) xe(cav>Tffiffl$n§>- 

-hX7U-»jS«t-S>V^TiKHJ-r5o ~>-hX7'J- 

[0 0 10] *5glKt*V>Tffiffl§n-5-fe53yi7X^& 

[0 011] *58§g(:*ViT€fflSn-5-fe95 y^7X«& 
*tLT«, -k7 5yi7XJ|!&*m jtf^X-fe^S-;; 

^^X^-^^. ^llft;^f7Xfj:i:;0^'Jfe^fe.nSo 

[0 0 12] ±yiy^xn^mmrm^^m^(Dmt 

LTit. TJVS.i- (AI2 Os ) > v;i/n-7 (ZrO 
2 ) . '?if^y7 (MgO) , ^^0 07 (BeO) , A 
^-f h (3 A 1 2 O3 • 2 S i O2 ) , n-x^- ^-f h 
(5 S i O2 • 2 A 1 2 O3 • 2MgO) , Xfc!^-;P 
(MgO-Al2 Os ) , ytJVXv-y-i h (2MgO 
• S 1 O2 ) , 7/— h (CaO • A I2 O3 -2 
S i O2 ) , ■k;l/v7> (B aO • A I2 Os •2Si 
O2 ) , -y^JlJ (S i O2 ) . 5"J /xyx^^^ h 
(MgO • S i O2 ) , m\:7)lS. (A 1 N) fSi^(D^ 



-603- 



(4) 

5 

[0 0 13] 13=77.— ^y^yi^7.m'^^(Dmt.hX 

\ts ^J^aSiOs . A I2 O3 , C aO, B; O3 
iD^ie^^fCjSCTMgO^ctt/T i O2 flE-^-^t^iiv 
nX'^i-. i^Jl/d-T. Vif^^vT, ^ 
UU7. A^-fh, n-^^y^v. xtf^;k 

Si 02 3 0~7 0MM% 

A la O3 5~2 5aM% 

C a O 5-25 

Mgo o~ioa»% 

B2 Os 3~5 0aS% 

Ti02 0~15att% 

;k 7*;^x■rv^^, 7/— ■fe;i/>'7X ^ 

(D^my ^ 0-4 om*%i®g?sf?i^tiT 

^^^£^5%, S i O2 . A Is Os , CaO, Mg 
O. B2 O3 . Ti02 omisKfeHti^ 13y7.U^m^ 

%\mai 0, K2 O, BaO, PbO, Fe2 Os , 

unm\m. crmitm, nio, comitmfi^^^ 

[0 0 14] i}yX-±yiy^7.m^fk(DM:i^mtV 30 
X}t. Si02 -B2 Os ^^HyT., PbO-Si02 
-AI2 Os -B2 O3 ^liyT.. CaO-SiOa - 
AI2 O3 -B2 O3 ^^y7.n.E\Z. AI2 O3 , 5 
^ (S i O2 ) . Z r O2 , n-x^- y-^ Vts,E<D±y 

[0 0 15] -fiyXM-m^^^cDS i O2 ttS 0-7 0 

om»%j;D^<fj:§<i:^iS*«®»?8^SS:75^ili<-^ 40 
D, Sfcl 0 0 Q'CK^n'^mmMhfs.^. 
[0 0 16] AI2 O3 J3:5~2 5m»%0«HTSfi-& 

■r^^ttim-^hw ^m.^%:mx\ti3y7.m^(Dm 
§0 2^m9.%^m^^tiiy7.ms.-^y^)vv^-t^ 
[0 0 17] caoiJ5~2 smisgoiSfflTE-g-rs 

'^mm ^nfs.<ts.r,. ^ 1 0 0 0 "cKYxom^&m 



#M¥ 7-135386 

6 

ti^:k^<^r)ff^V<fS.\^\ MgOKO-l oaM%© 

[0 0 18] B2 Os tt^f^X7"J>> h^l 3 0 0-1 
4 5 0'C#jfi«aftT^)||-r^feJ&, *j;atA I2 O3 

(c-fe7 5!y^7.«i^Ksss8 0 0-1 0 0 ox:<Dmm\z. 

B? Oa f)^^t€^t±y^y!7X(Dm&timTV 

®Tu mmy^y- (m) tiiyxt^mizx^ 
m^iti!)m<fsiy). ^ft. ^smmtL-^m-^^zUy 

[0 0 19] T i O2 fJO-1 5aM%(7)«HTiE-H-f 

immizmmnisy^tMmy^ y-t(Du^mx 

h^ifi. y^y~<DWmzi:^X\-m^mi]y7.t±y 

^v^ym^iti^yy.onmmt^y^y^y.tisi 
oTi^^tltSSn^, TiOa \-m^\\:fiy7s(D'iLm 

\z^\^x^mtmmm9.tLxmL. hmm\z% 
[0 0 2 0] mmy^ m.(r)mmmm(o 

)V^i-. i?)Vu-7. A^f h, 3-xY7-f h, 7/ 
;0S6 0m»%£S^5a:«E)^LtI<<)^D, 1 0 0 0"C 

§^:^:^ca;^3■fe75y^7X®fii^KM5^8 0 o~i o o 

[0 0 2 1] *5§WTfieffl$n5««7^^-|ia*t|'. 

^MfttbT, 0-5aM%*1?©Na2 O, K2 O, 
BaO, PbO, Fe2 Oa , Unmitm. CrK^b 
m, NiO, CoK^t;iK;?a:t**^*-rs2:i55«T^5, 

[0 0 2 2] 1iy7Uimi^<D^mmtLX}t. 
a M^fTJbSS i O2 , A 1 2 Os, CaO, Mg 
O, B2 Os , Ti02 UE^m%(OU-^Uj^tfl^i:. 

o\zm^h. 1 2 5 0-1 4 5 o'cmst^, iij^L, 

:tf^X7U y biCLT^iSI&^LTO. 5-3Mm©M 

m*oa«^m^CJ;oTB9 9.9 9 %£t±®®K»S 
«;5:7;V3+-> H-^Wil^M®Mff<&«ffiL. • ^ 



-604- 



(5) 

7 

W 

[0 0 2 3] mM^liyT.Ci^^mhX^X^i.. MgO- 

AI2 O3 -SiOz J^-^Li2 O-AI2 O3 -Si 

fSfctA^fMgO-A I2 O3 -SiOz tBz O3 h. 

m^mn^-^^fcz. 9 0 0-1 0 0 ot:TS^t, 3 

Li2 O-AI2 Os -Si02 CB2 O3 tMMlk^ 
[0 0 2 4] ±iaiC*5ViT€l|-r5-t:^5 5/i'Xm*0 

•e^s* J; t^itsfflfflfs^s L cfc 5 1 -r 5 u - > 

©^S^fie^^gO. 2~4Mm> Jtga«2~3 Om= 
ttlK^gO. 5~3Atm, Jt«ffi«2~2 0m' /gT? 

n?i. »*e^g*tO. 2Mm*a©Ji-&, Jt 

[0 0 2 5] *^BJO-k7 5-yi7X • i^U->-^-h« 

(1) 1 'jtl-XZ-y^-mxmts.E-^ 1 :3B^±;t-r^Stgtt© 

(2) ^Sf5i^77ft^!f^, ^Si^ri^F^fc^iJ. w« 

[0 0 2 6] mz»^bi^^m'itmjimi&mt. am 
)v^^m.^mz. x5^b->#^i^?ua*«tc#ft]$ii: 50 



#M¥ 7-135386 

8 

^^tlZi.-DXmjft^Z.tt^X^^o 

[0 0 2 7] ^mmti)V:^>^o}M,»m^mthxu. 

7^^]}vm. ^3'7^u)vm. ^^:2ym. ^nvy 

^7^"J^-b, x5";P7:i'U^-h, xg^ji'^^^'i'U 
5— n-7'nt°;V757U5-h, -f V:/n t:;i/7i' 
n-^?;^7^'j7-h. n-:/5^;^^^i7 
'J^-h, s e c -:/5^;l'T5?U^-h, sec-::^?^ 

5'JM^'i'U9-b. t e r t -:/g';l/7i'U5-h. 
t e r t -:/g^;V^^i7U5— n - >5'Jl/7 ^"J 

^^'Jl'X^'PX o-;>(5';i';^9^k>, m-p<5^;i'X5^ 

^ © 7 ^7 u u V ©^a^^rS^a- 1 L TttrtHwx 

[0 0 2 8] mm.<n3:=fvy^mmthxn.\f.=.)]^ 

7U;i/S. 7^U;VS, ;<^'i7U;H©=fc5:^j:'&© 
30?*^, ^©<t^S:fiiJII^7^ 'JJl/^^^a-^ftt-WSP^ 

}]^m\zif^)i^z^)v^mf^:s^^vy'^-^fm^^m-^ 

So 

[0 0 2 9] if'j yi^jvi^^t^J^^uy^^fkmit 
^^tbxu. 7 ^')}Vfkif^)y :^^^^))vm.if 
')y-y)V. 7u;v^u vv;wx-xJK x^)V7^V)v 
mifuyi?)v, ^vh=^)Vif^)y'j)vx~f-)v. ^ah 
ymifu ypjix-'rji. -ivi/ah ymif^J ypjvx 

-y-}Vf3:Eifi&lff<E>n^. 7^^))Vm^Uy^Y 
it^mthX\t. 7^^))m^Uy-(Y. i^97^^))V 

m^ny-^Y. 7^) JV'^Uy-^ ^ 

nB(Dx^i-yB^mmt'^m$)^^^u7i'U)vmfu 

^^'y)Vm\Z^VX 0 . 0 5 ~ 1 ^ L < . 

^6tiffiL<Ho. i~o. 8^}vmM.xs>^o ma 

fi*t 0 . 0 5 "Ejv'^m^mxim^^mi^&i tts-r) n 
d'~y<Dmmmmizti^rzm^h<u\^\ # 

[0 0 3 0] :Lohx%6nrzmmiz^)Vt^^y}vmt 

X? 1/ >ft:^ia?n*&^fr -5 7 U ;l/a-&#:©ittf (A 
V) tJ5 0-1 8 Oj&WSL<, j;i3jf*L<K7 0- 
14 0T*So $5C&*L<tt8 0-1 2 OWffiHT 

M;^/^5 0*ffii?*5i:Xf^l/>tt:f;ffi?nS©S 
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(6) 

9 

[0 0 3 1] r.n<b<Dytmitmm\i. 3j^u-7-A*'r> 

;5^lRl±-r5^:i^U->v'-hOff^^2 0~4 Om/it 

«7;V3-;p, h;i/xx 7-feh>> p^g^;^xg^;^^r h 
<ifj5tffivs?>nso 'jmmtLTit. vJ^K^'>Kxxx 

#UV-AW>y-®5~8 0aM%Tc5?)O75WSL 

«5ttt#Ux'-;H>^-o^#aa> 6-1 

-;k :i}?UHx;i.:^5"7-;K >(i5'i?'j;nixxx;i.« 

7i''j;i/Kxxx;i/a^#:. 7i'U;PKxxT-;p 

[0 0 3 2] if%mxm-^n^%Kii&'i&vc^mmK 
;i/7^'J5-h. >^h4^S'X^;i/7i/ij7-h, so 
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->hUx5^P'>ifUn-;i'7i"J7-h> eyirnA^^i^ 
Jl'7^Uv-h, i^>'i?D'^>iS'x;l'7i'U v-h, 

->i7n^>T-x;i/7i7U^-h, 2 -x5^;i/^^i^;i/7 
i7'J^-S< 5^U-kD-;i/7i7U^-h, i^Uvv;i/7 
^^'J^-h, A:/:J'x*7nnx->;i/7i7'J7-h, 2 
- 1 F D^r>'X5^;l'7^? U ^- h> -f V tol'7i? U y 
-h. 2 -b FD^i/-/ntf;i/7^'J^-h, •YVt'^ 

)V7^')7~h. 2-^ ^^->x?^;^7^"J7-^, ^ 

h+>/X5"l/>i^Ua-;V75"J^-h, ;<h^->>7X 

7i7iJ9-h. 7xy^>-X5';l/7i7iJ5-h. X7"7 
'j;i'7i"J^-h, hU7DDX5';l/7i7U^-h, 7 
'J Mt -> n v;i'i?7 ^ U 5— h . H x 7 x / 

Ai;7i"J5-h. 1. 4-:/3'>'i?:t-;i^>?7^?U7 

-h. 1, 3-:;^?^>i^'J3-;i.>'7;?iJ7-h, x 

=f-]yy^'J:2-}i'i>7^^Jy-V. >'X5"k>>fU3- 

;Vi^7i' 'J 7- h, h U x?P>i^'J n-;i/>?7^7 U y 
-h, 3l^UX5"k>i^U3-JPi?7i"J5-h, v^^O 
^X'JXU h-;VA+-9-7^U7-h, v'^>5'XUX 
'J H-JP^y b Fn^^S/A>3'7i"J9-h. J^hU>^ 
g=^n-;i/7'nA°>r h 77^ U 7- h, i^U -fen-ji/jJ^ 
7i7 ij 7- h, p( h+Mfcvi' P A^v;V>?7i7 U 9- 

^:t^>5^;i^^^U3-;i-;^7i?U9-h. :/ntfv 
>:y'j3-;i.>^7i?'J5-h, #U:/Dt!^>i^U3- 

Jl/>^7 U 9- h U i^'U -fen-jV>J7 ^ U 9- 
h u ^^n-;i/:/nA°> h 'J 7^? U v - h^JitK^IB® 
7i7U7-h^^^i7U7-ht^Afct)®, r-;<37 

:iP*v;l.ac!:X?k>tt^flSftlS&3tTS7i? U 

M-^mts ytRmit-^mzMLx. atmij^t-^o. 

1-1 O^g*, S=*L<SO. 5~5fgaiiVi5„ S7 

:fe^n!^^*ib-&. 7i'u;v^s*a'a-#:®*;o^w^' 
[0 0 3 3] 2t:i8gg-e^effi$n53i£a^Mi&^r!i®*«:« 

;<5^;K 4, 4-t'X (zy^=f)V7i» ^>y7x/ 

X 4, 4-b'x (vxg^;i/75y) ^>77xyx 

4, 4->?^DD^>y7xyX 4-^>y'f;l'-4 

ky>. 2, 2 ->'Xh^>'7-feh7x/X 2, 2- 
h + i'-2-7xX;l/-2-7xX;l/7-kh7xy 
X 2-k Hn4^>'-2->^5^;P:/Dl£:t7xy>, p 
- 1 -:/5^;p>?i7nD7-feh7x/>, 5^:t4^-y->h 
X 2-^g^;i/f^:t^-'j->hx 2-i7nD?^:t^-9-> 
hX 2-'1-V7'nt°Jl.?:t4^-y->HX PX^JV^t 
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jyvv^jy. 2- t-'f^)VTyhy^/y, 2- 
7Z)V7yhy^jy. 0-^u)i7yhy^jy. 7 
yhny, ^yX7yhvy, -j^yV7.^uy. 

2, 6-HX {p-7>'H'^>vUx» i/^'n'X^^i}- 
/>. 2, 6-k'X (p-7vF^>i^'Jx» -4- 
;*5^;V'>*'PA+-y-/>, 2-7xr:;V'-i, 2-:/3' 
i^-ty-2- (o-;'^ h^v'*;i/5i^:n;w :t4^>'A, 1 

-7xr:;l'-y^nA°>>^:t>-2- (o-Xh^i^tUl 
:t^vA, 1, 3-v7x-;i/-:/DA°>hU 

ty-2- {o-xh^yti)Vt^~}V) t^yA. 1- 
7x-;v-3-xh4^>'-:/n;-*;>hij:t>-2- (o 

- [4- i^^jV^t) 7xXjW -2-^;^7^'J/ 
-l-yn/V^, t7^yy7.)Vt^x)V^Uy4 

^7U>x;i/*;-;V5'a5'f K, N-7x-;vg^:t7i7 

UH>, 4, 4-7ytfX-1'y:/5^D-hU;k v'^x 

x;>v'7,;V7-i' H. ^>X^7V'-;i/>^x;i/7^' H, h 
^^yx.x)vt^)vy^y. tiyyr-^yy. m^mit^ 
3^. bu:/D€7xr:ji/x;i/*x ji^^b-^>y-i">:R 

X3;nf>||, hUx^/-;l.7s>&<!f©jl7C^joffi 

[0 0 3 4] ^fi-^HS^SIH, mmizi:JVt^^y)V&t 

x^vy&^mfD£^^?>7^ vmPiM-t^tytK 

jfettft^tKDfntMU^ 0. i~5 oa»%o|gHT^ 
[0 0 3 5] *5!BJtC*5tiT, i^U->v-hS^^t« 

m^<DTcmz. y-hxy^)-m.!$.m\z^^^ (uv) 

•So 

[0 0 3 6] •r^j*^^, m 

^-^^mith. mmLr'b'y^7ts~M^m\zmmr 

z.(Dmmiz-Di^^T:$i^m^^timMmfi^n'D 

^mmt^ i.tiz^'^rmn.^ai^ttKi'^mmumm 



(7) #M¥7- 1 3 5 3 8 6 

'J - > h coTSKS T^*^KiR§ n§ ;i t < jga 

[0 0 3 7] tfc, m^m^ytmm£\^>^^. y-hiz 

wc^-^nx>^-h(om<D~^Li)-^if^nm^fttbif 

i&^n-r. sfc, m^'mMm<D^^)-yy-h\zm 
"^KKjfim^b. mmm&m^srjiif')~yy- h-^^ 
10 mnr. wmmm^Kfi^o Lff^vum^m^ 
mtavrcm^it. mf^mamm^zmmnxif^j-y 

y~h<DyMtxmt^^tii^x^^<DX. y-h(D\*i 
^^xi^-izytmit-^nxif^)-yy-hmmffu^. 
^mm&m±h. ^ e. izmmkmizm\z\^±.t^. 

[0 0 3 8] ^^^■m'&mitVXltS 5 0~4 5 0 nm 

^<Dmm^&.Mx^?)ffi. 7vmn. 72.j'^hy?^ 

>.^m 7yhy^/ymnfsi^f>m^x^^^. 
n'b(Dt^xhmz7'm^mm^h^\ ^m^knit. 
^mi t b xma Lfc^^iz hmmizm^t^Tz sbm 
m<Dmm'¥\zm^hfSi^>(Dxmm\z^^mmmi(D 

[0 0 3 9] 7'/^mntVX(Di'i.mtih(DtVX. 

7. ^yy)V- (Sudan Blue, C22H18N2 0 

2 =3 4 2. 4) , X5^>R (C17H14N2 O2 =27 

8. 3 1), xy>II (C18H14 N2 0=2 7 6. 3 

30 4) , x^yiu (C22H16N4 0=352. 4) , 7, 
^yiY (C24H20N4 0=3 8 0. 4 5), ti)v-ty 

>i?SS (O i 1 Orange SS, CHs Ce H 
4 NiNCioHe OH=2 6 2. 3 1) t^JV/UtU 
yhCOil V 1 o 1 e t, C24H21N5 =3 7 9. 
4 6) . :t'f;WXn-OB (Oil Ye 1 1 ow 
OB. CHs C4H4 N:NCioH4 NH2 =26 1. 

3 3) fS.iii!)'i&^T!lK 2 5 0-5 2 0 nmT®iKt"Si:: 

[0 0 4 0] ^mmmmMMit. ®i^u->>'-ho 

^^t. <2)<y4 7t^-)V(DMPim^m<. ^4 7t^~)V 

mfiSivrcWi(D±^iir3t(D^4 7t--)v^nmii^{>-^ 
®m^m(D'\iy5.yi;7,mm^x^m\m 

^tfsiS(o§iW^mrcrmmx&y), ^y^y^:^^^ 
izMbxo. 0 5~2aM%*WiLt.i, 0. osm* 

!c, Tmzm-r^^x\z±y^yi7m^iz^^x^w. 
50 $^^TbiV5'y^'73i^-J^0J^J^^S4'i^'u->v-^ 
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Tt"?.©T|ff*L<7d:V>o iDiff*L<ttO. 10~ 

0. 7Mi%TS-5o 

[0 0 4 1] ^mm'A^i^ti?>m^mmmi(Dmmm 

Lm^i^mr^c ^(D:^&\z^-oX'tyiy^7.m^ 
m^mMmmizm\z^mmmm^^- h b^^i 

[0 0 4 2] *5S0jt*5^iT. ff^Limyt&cDm^m 

(3 5 0-4 5 0 nm) ©ffiHi^^'ftSo tt£t>^. Wt 

mm\z-D\,^xwm-^n^, 

[0 0 4 3] *5!BqT, mytmiyB(D^oizmm-^n 

xmmmmmz^x. ^^xE^-^nrcyt^M:^x 
MmTs. ^itm^m^z^ma-^nit^Mt. 

x^uytt^tiLxrm(ni!:p^i!^!t)^n^c 
[0 0 4 4] tmyt(Dyt']k&^ i r ( i r \mm<Dm.yt 
mm^t^ Bfj (c> ^^i-s^i^H L T * s *ji(Bf t 

\:tm<DB a SOs £a?SF#}C3cDWJTKWtCcfc57ie 

1, uniz^tz^Tci^. mu^<Dyt^^^i ott^ 
t, um^i^^<DKMif(Dyt^mit (i -i o) Tat)$ 
n, mytmtTti<D(i) ^^viz-^m-^n^. ±mx^ 
3iito*fttj, w/cm^ xmt>t. 

[0 0 4 5] 

K)i£ffi=- 1 og ( (I-Io ) / I r) (1) 

1. ®^M^^JllL7t«&*^y^X*n?ilfl2 Omm, 

2. 'AiZ'^ytytm^mxm5^m<DmiAm(Dm<oH 
\fa\zm^(D^mi$-^M<omfx, mmz^^^^ytm 

S?&fiiSH2 0 0-6 5 0 nmXm&t^tmi<D^o 

3. i^(:B|lTiSfi3 5 0-4 5 OnmffllBH^l On 
[0 0 4 6] 

3 5 0 nm©i:t©®^g&0. 7 5 
3 6 0 nm®t^0K^a^O. 8 0 
3 7 0 nm©i:$©^ftS:0. 8 5 



4 4 0 nm©i^©K)tSS0. 6 0 

4 5 0 nm©t^®®7tS?r0. 5 5tLT, 



(8) #M¥7- 1 3 5 3 8 6 

14 

3 5 0~3 6 Onm©gP^J-®fflaSAtU -^J^t^;^ 
ffl«A= (0. 7 5 + 0. 8 0) X 1 0/2 = 7. 7 5 

HW^z^mmt 

ffittB= (0. 8 0 + 0. 8 5) Xl0/2 = 8. 25 



nm\zmm\t 

ffiaJ= (0. 6 0 + 0. 5 5) Xl0/2 = 5. 75 
10 tfS.^, 1 O|2m0ffllS®-&t|-S»TIB©<fc5tbT^ 

S=A+B+C+ ••••+: 

±fB©ffli[SS, 3 5 0~4 5 0 nm{C*3lj;5^SO 

m^tLx'mhtz. 

[0 0 4 7] *S!M777*hUVi^77^1*T'^/>r7* 
~)V^mm\.tzmz, M^fett^-Xh (i5^tt©^S^ 

m<D»t.L\^mm\t. 2 0-1 0 OTabD. 

mxh^^tm^^m%mz^h^xytm^}-y'y-vn 
T * x^-6)mm mizmmzx.'Dxmi^ nr*®^ 

mifixnu<u^, ^ftmt&mi oo^m^^tytm 

r^(Dy-V^xMmmhfS.Wctbyt9J\:x^ 

-< 7t^-}V(Dmmmm\zt£^. 

30 X^^7ii^-)V^Wi^htcff^->y-V^mLXm 

%^Mn.^-7.Yxn^-ywm-^m'^\t. WL%m<o 
iK^Xitti 0-1 5 OT$.s;it*W£H'ic i^u-> 
h ©SSS^ctJ smi8SOM*f (c J: o T^afbt § 

©(c+^i-TsnasviiO^, iQ^mxh^tm^mm 

mzii^ xm. msL$ nx l t tfT?^ 
n/S:v^„ sfci 5 Q-^m7^^t9^^mtimm(D-^xm 
u^nxh-^^^mMffu^'^mm^mfi^iih-fs.\^(Dx» 

[0 0 4 9] *l8ggt*3V5T-fe75-;/^7X«&*t^^n 
40 5Pb, Bi, Fe, Ni, Mn, Co, Mg^ci:©^ 

S:fej;a^^©!tft*?5^\ ^-xh*tc^w-r§s*tt# 

©©■I'^t^^eSSfStite^ns*^, ;i©J;^/'ci:?SffiK 
*&SIS§lt-r'5fcs6m^tt3}^'JV-tK^ife©;ii:. ^ 

j^S^^^&v^'fb'&ife (^fe^b^) muavx^jvit^ 
5<? m^-r^m^mitmm^tmmi:. ^^^^itmsmm 
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15 

T$-5o h U 7y-;Hb-&tl®tf l?fc#t^>^/ h 'J 7 
[0 0 5 0] '^>7hU7V-;V^ffll'^T-fe75 

^ 5F^;^7;^^ -ju^c E(D^WimmizmmL. ^tii^m 
mmmt^, sm ffSL<tt2o~3ot:TTg^ 

[0 0 5 1] *5§Bqt:*5^^T«gffl^tlSS£ft^JfflM-& 

I? Hat 4^ -r O 4^ U - > h CDg|^B# diS T # 'J -v 
[0 0 5 2] *5gBJ[3*5V^T-fe^5'yi';^ • i^'J->-> 

<nt>ti^. 30 
[0 0 5 3] iSii^j«, mw.^^h-^^^tz.mzmt\-^ 

■tJ->h>, ^V':fnE}V9t^D-yh>. 2. 3-fcfx 
(4-j?x5^;i/75/'^>'!f;W i^^n^>^yx 

2, (4-v;;^^;I/75-^>lf;W ->^7nA 

^■y-y>. 2, 6-Hx (4-e^>(?^jk7 5y^>if 

4. 4> -tfX (>?X5^;i/75/) -'<>V^7x/X 
4, 4-t'X (-J^9}V7^/) 4, 4-H 

x>-r>^y>, 2- (p-v7^^;i/7^ y7x-;i/t* 

Xk» -'iVi-yh^7'/-}V. 1, 3-'HX (4 

->^y9^;l/75/'^>1f;W 7-th >, 1, 

xji^-tfx (4-i;x5';i'7^/^>-<f;W 7-bh>', 

3, 3 -*;i/4^x;i'-tx (7-vx5^ji'75yi7vu 
» , N-7xx;U-N-X?;l'X:5'/-;P75X N 

-7xx;vx^y-;i'75>, N- hu;l/>'x3'y-;i' 

7^>, N-7xx;i/x^y-;i/75X v/f';i/75 

/©ESKi'V75Jk vX^;V73ySmSK-1"V7 5<? 
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5Jk 3-7xX;V-5-'^>V'<;l'5^:t-T-h7y- 
yV-)V, 1 - 7xXJl^- 5 -X b^P:fJ)V:^X)V^:t 

-y-hy V-Ms: Em-f ^ tai) o *SgBjT« ^ n S S 
ia*7cia2aK±^>tif-i)^li:/!)^'T^-l>o UlS 

ttft^i|&O?II(C^bTji^0. 1-3 om*%, J;D$f 

bTtt, tPD+yx N-xhnvv'7xx;i.7$ 

7x/5^7>^>, p- t -:/5^;p*T-3-;k n- 
7xx;v:f75^;i/7^>, 2, i-y^)V-^ 

ffiil!r;(j;P/}^=^v;i.stxg^k>tt^^^faS^* 

•r-57^ m^^^'^t^Kj^mt-^mfDmzn^. 
a^. 0. i~2oaft%. j;DS=*b<[a;, 0. 5~ 

[0 0 5 5] -^mmn^PfmumtXyxu. y-f-^^jvy 

-;k i^u -fe u >7S i:>*s.tf snso 
[0 0 5 6] Kjbi^^siJia. ffiffB$ic*5tt57^u;n^ 

^wmtrntLxu. 2, e-v'-t-:/^";!/-?-^' 

k7-Jk :/5^;i^ftt HD^>/7XV-Jk 2, 

- t -4-x5^;V7x/-;k 2, 2-y5^k>-t*7> 

- (4-;><?;^- 6- t -7'5^;l'7x/-;W , 2, 2 

-><5^k>-ex- (4-x?>ii/-6- t-:/g^;i/7x 
, 4, 4-9^tfx- (3-pC5";p-6- 1-:/ 
^;P7xy-;v) . 1, 1, 3-bUx- (2-^:f;i/ 
-6- t -7*9^;i'7xy-;i/) , 1, 1, s-hux- 
(2-^5^;i/-4-t Hn^^i^- t -y5^;i/7xx;i/) 
^^y. \iX [3, 3-k*X- (4-t:Fn^>'-3- 
t-^5^;i.7xx;W :/^Uyi'77->y H] ^U3- 
;i/xxx;k v^'>u;^5":t>?:^^t^:t:^-^, hU7 
xx;^7i^X7 7■1• h^a:;5^Ptf6n5o KftH&ihSiJ^S 

liC*;i.#+->;i/Stx?k>ft^ffi?nX;£^-r-57i' 

^fnlCjttLTO. 0 1~5MM%, <fc(3»SKf3:0. 

1 ~ 1 mmxxh^o m<m±m(Dmi)^'^)'mmiiu^ 
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[0 0 5 7] :^mmizi5n^>'-hxy<j-m.f^^(DU 

[0 0 5 8] (a) -k^^y^^Xi^* ; (a), 

(b) (DmzMhxs o--d Amm% 

(b) mmiz:h)v^^'y)iAtx^v>^^mmM^^ 

(a) , (b) »jfatMLT2 0~6ai% 10 

(c) ytm^mtihM (b) tc*fLT2~2 5 

(d) m9v»mm : (a) c^lto. 05 

±IB}C^3ViTJ;t)ftf*t<f3:. (a) . (b) ^iiU 
(d) fig^OHfig^^n-enS 4~9 2Ma%, 16~ 

^^■fS.<h. L (*|*g) /S (ligMl) =2 0 Mm/2 

(b) ^£5^-c*•&«^;:*;^J}^^->;^S<hx?^> 

[0 0 5 9] *^BJOi^iJ->v-hliO->-hX5U 

m^^t^T^vmPim^i^t^m'^mi^m^^s.i!^ 30 
mt^m\zmMh. ^(Dmm\z^y^v9m^m9\- 
mLm\t^{>m^'^^^t\z^-D xwm- s ^ tt^x 
mmzx^vymmim^^t^j^^im^ 

^h^\mmm(D^m^m^hk^^^^\z\m7 ^ )v 

©fg-a-!if&i§#L5.1)fc©TSintiJ;V^„ W 
;i/-k;vv;py, x^'Jlz-kDv;]/-/. :/5^;i/-tnv ;!/:/> 

Vy^ntf;l/7;i/3-;k T-h5'tHn75'>. 

5 ■^© 1 mi&^^-r v> e,n 

So 

[0 0 6 0] $6t*f<>scj^si;T. ^^^b 
91, ^mS)^\^\±im(DmB.mimts.ii^mMi^. so 
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[0 0 6 1] ^^1;:, X7'J-©teS^li«-rsfca5Si 

>m\zi^^Tiimmm^mm-^. ffSLv^iiftfttti 

0 0 0;^^?> 5 0 0 0 c p s (•k>5' ■ jJ^-fX) TcfeD, 

r.(Dmmizh^t.'y-v o^mm(Dmmmm. izx^^o 

A±l::]il^e5t:jf ^ 1 0 Atm~6 0 0 Mmt^J^f-S, 

%»T^-5v-h;0i#e)tl^£l^= *ViT8 0-1 2 CC 

©->- h ^B(f£OJ^!Kt«IST-r 5o 

[0 0 6 2] *5|9g©-t:^5>y5'7, • i^U->'>-h© 
J¥^tta#, 1 0:^>66 0 0 wm©ieHTa&D, ffSU 
<tt3 0~3 0 0AtmT*-5, 6 0 0 ti^l 

<U.\i\ ^lOfeffllcSStSO. 0 1~0. 2mmSW 

fS'y^' 7^-;l'-^x;l.3i^-;^!£JiT©?LS^!5«:3!5iT 

^U->v'-h©)f^tJ;-5TS/fe5;^5, TX'^^hJtb 
1 Ji^TTib.5©;i^mia©3i3i?5^'+4i'fft)n-g>0Tff 
* LVi. 4 0 /imJ¥©«'&tt4 0 um(D^^ 7^-)V<D 

[0 0 6 3] -:3-:?V^T, "kvSy^X • i^U->>'-h 

\z^!f\-m(DmMt^4 7t^-)V(Dmmno. ^®xg 

tt, m«l©M«W^m a^fc j; 0 7iJ^-;i'S 

ff F u ;i/t<i:§/^>?>5^jST'^/-r 7i}^-;L'^ji^i?KL, 

■?-®Xg®W*.5t^^»mt. ^51.|S®fi?,MtJ;!3-fe^5 
yi^X • i^U->v-h®^i'^7i<i:fcaffl&^WbbT 

[0 0 6 4] "ty^^y^X- ifV-y->-hiz^^7-i<: 

mmzm^in^m^m<D^mthxmct^ «€j±7K 
T^So ;in5©«pTfejSiiijE*«fl-*WjiT*So m 

^^mt^'J-yy-ho^m^lz^-DTh^^^fii. 5 
~10 0mW/cm^ ©a;fj©SiSI±7j<ffifl"^fflV>T 1 

-30 ^mmyt^fffio n <h;ow^ lv>o m^(Dij^\t 
-{7t^-)vm *5o. 2~i©«^[j, wffiMTfe-rst 
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5. 7;p*'j*^?8t©ss{sa«o. oi~5as%, 

<i;Dff^L<»o. i~ia»%T2bSo 7;L-*usa 

[0 0 6 5] i:fc. ffi®HU;Krj;?)A'>5^>i^feT>i^ 

^ 7t^-)v^mm^^'^\z. ^(Dmh^^^\m\zif^} 
-yy-v^m.itt^tk ^(DM^\t. ^^mx±m 

-ynm)mm\zis.^. n^tmu. 7*huv&T?^^ 

U^ti\ 20~1000mJ/cm2 ©IBHJiW^b 

[0 0 6 6] 'if ^ 73^-;l'Og», 0 . 0 0 5-0. 2 
mrngSTSD, ■if^73jN-;Hfy5"B, 0. 0 1- 
5. OmmeST*-5o 

[0 0 6 7] *^?s©i/u->->-ha)is^. m II 

[0 0 6 8] C©=t5tl. i?^1-||(0jiWt'y^7:h-;U 

7.^y^h^\^\tu~'7UE(Dm^Tk3j~mh^\^ 
ythU'jif'7y4-&\z^rt iz.(D^^\t. ^0 
mi^^-^9-yM^tm\zn^^t%x^^) . m. 

m-/-^yi^^A. ^yif7.^y, =e^)-ffyu 
E(DM^^-7sV^itmhx^^7-^~)m\zumom 
^mimmm(Dnw^Mm^o so 
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[0 0 6 9] Z.<D!f^i~-y'y-V(D^ ^7iiS— MZ%^t 

v<ombihmmwi^t.\zmy)Mhfi'^. 

[0 0 7 0] Z.(Di.o\ZhX^.^7t^-)V(D 

'^-x h^£<i:*^'ftfflsn§o z.n^\t. ^n^n. ^« 
ft^©*, mim-^. mmm^. mmm^t. myt 

[0 0 7 1] ««ft*&*tLTtt, Cu, Au. Ag, 

Pd, Pt, W, Mo75:d:0^a*5V>«^:n?>S#tr 

[0 0 7 2] Cu«^m#;©*<hLTtt, Cu (9 7- 
7 0) -Ag (3 0 -3 0) . Cu (9 5- 6 0) -N 
i (5-40), Cu (9 0 - 7 0) -Ag (5-2 

0) . Or (3-15) (e^± 0 \H\tMm%^m-ro 

U<ffll'i^n-5. ±iB0*TCu-Ag^^*:<iWSb 
<, ■?-Oft'T'&Cu0Sffi&3~3 OBM^OAgTn 

[0 0 7 3] Au, Ag, Pd, P t?^mn»^^tL 
X\t. Ag (3 0 -8 0) -Pd (7 0-2 0) , Ag 

(4 0 - 7 0) -Pd (60-10) -Pt (5-2 
0). Ag (30-80) -Pd (60-10) -Cr 

(5 - 1 5) , P t (2 0 -4 0) Au (6 0 4 
0) -Pd (20), Au (75-80) -Pt (25 
-2 0), Au (6 0-8 0) -Pd (4 0-2 0), 
Ag (4 0-95) -Pt (60-5), Pt (60- 
9 0) -Rh (4 0-10) i&,± 0 f*3«a»%&g 

•f) ;^t*0 2 7CJS, 3 7C?^0fi^*^R|{)*75WSb< 

fflViSn-S. ±ia©fTCr4'RhS^JBU:^fe©fJii 

m?im^\^±x^^M.xmzttf^L\/^, 

[0 0 7 4] W, Mo?S^€#:©*tLT}S, W. W 
(9 2 - 9 8)-TiB2 (8 - 2) , W (9 2 - 9 
8) -ZrB2 (2-8) , W- (9 2 - 9 8) -T i 
B2 (1-7) -ZrB2 (l-7),W(95-6 
0) -TiN (5-60) , W (9 0-60) -TiN 
(5-35)-Ti02 (2 - 1 0) , W (9 0 - 6 
0) -TiN (5-35) -Ti02 (2-10) -N 

1 (1-10), W(99. 7-97)-AlN(0. 
3-3) , W (10-9 0) -Mo (9 0-10) , W 

(9 2 - 9 8) -AI2 Y2 Os (8-2) . Mo, M 
0 (9 2 - 9 8) -T i B2 (8-2), Mo (92- 
98)-ZrB2 (8 - 2) , Mo (9 2 - 8) -T i 
B2 (l-7)-ZrB2 (1-7) , Mo-TiN. 
Mo (90-60) -TiN (5-35) -TiO 

2 (2- 1 0) , Mo (9 0 - 6 0) -T i N (5 - 3 
5) -Ti02 (2-10) -Ni (1-10) , Mo 
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(9 9. 7-9 7) -AIN (0. 3-3) > Mo (6 
0-90) -Mn (40-10) -Si02 (0-2 

0) . W (30-90) -Mo (30-70) -Mn 
(3-3 0) UE<D27L%. 37C?S©?g-g-^Ml!)**W 
SL<ffll/5^n5o J:|H04jTT i B2 . Z r B2 . T 

1 N. AIN, N i > T i O2 S^JnLfcfe(Z)tt^f#:K 

[0 0 7 5] miwm^ti.xu. ruo^ , ruOb 

^, A 1 #5^43J:IKB2 O3 $-^Wr-5:^f7X|&*, A 10 

Ins O3 RUO2 
La Be -:tf^X©*, Sn02 
afttl-;y^X|&*, NiOtLi2 O3 -B2O 
3 -SiOz -RO (RtJMg, Ca, Sr. Ba0tf> 

[0 0 7 6] RUO2 tt. m'&.m^^xj^^^. s>-5ti 

\tn^ ui'D-Jl/^t^tfttiSnSCdB i Ru 

3 O7 , BiRu2 O7 , BaRuOs , LaRu 20 

O3 , SrRuOs , CaRuOa , Ba? RuO^ fs. 

RUO2 JgtLTli, RUO2 -Si02 

[0 0 7 7] Am7^:feia:B2 O3 ^^^^liyT. 
^i^iiLX\t. A l)0i4~l 5M%, B2 O3 

•r^:ff5X!|!&*:^^*9 6-8 5M%T*f>, B2 O3 5 
^*-rS;^^Xi|t*tLT(J. B2 0-6 -BaO-Si 

02 -Ta2 O5 -AI2 Os -CaO-MgO^Ti^ 
iflhM^n^. Z.n\ZMoS I2 , A 1 S i2 , WS i 

2 . TiSli fiE(D^W,m\:.m^-^tS^thX^^. 30 

[0 0 7 8] Am*, m^^mB^ii^rSB2 o, s 

2 O3 ^^^t^^yT-Brnzm^X. Nb, V, 
Mo. Z r. T i, N i f3i{i(Dm^^mmiR^^mt^ 

[0 0 7 9] I n2 O3 ^-IJyXmMt, 3 0-8 0 
aM%CQIn2 O3 ^t. 7 0-2 0a»%O:^f5X«& 

*;S^^;/5:5t)©*^^&^f^n?.. i n2 O3 mtVX\t. 

1 TO (Sn&Inz O3 tF-T^Lfcfe©) . I n2 

03 , S bSF-:/L.fcS n02 +Sn02 ■/3:iiil^^t. 40 
n?)o :^^Xi)*i:LT«> S i O2 -AI2O 

3 -MgO-ZnO-B2 O3 -Bs.OWs.EXh^. 
Z.(D^X\t. Si02-B2 Os ?S*^ffifi«liSiT^SO 

xn^v^\ 

[0 0 8 0] RUO2 -iJyX^i^. LaBs -llyT. 

n^. sn02 mm-iiy7.m^h^\mmm-i3 
ymmz^m^n^mmMi. i^*T9o~3o 

mM%T-?-(D^B, AI2 O3 10~3 0a*%, B 

2 O3 6-3 0m»%. S i O2 10~4 5MM%, C 
aO 5-4 Oa*%, ZnO 1 5-5 0S;a%TS)l3. 50 
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SgB*n 0-7 0aM%ORuO2 . LaBe , SnO 
[0 0 8 1] »im#:*&*tLT«. (^^^mW^thfzMt 

^ hmmtmin^ABOz mi)>^f3:^xm. um 

[0 0 8 2] ®(D^^mmtLrcm^tvx\t, 

BI«)PbTi03 , ^>^Xr>-il^PbW03 , 
Bti»PbZnOs , i^HI&PbFeOs , ^>f%=y^K 
ai«>PbMg03 , ::i:t::^^iaPbZb03 > ~v'X}\/ 
^gjPbNiOs . >^Jl'3>^»PbZ r O3 , m.^^ 
a^^X^i- h^fim, *3J;t>m?^'>T i 02 ts.E 

ifim^xi^a^. mMn.m^ii!fm%h\^x\-x. pb 

(Fe. W<i-i) ) Os-Pb (Fe, Nbd-,) ) O 
3 . PbTlOs -Pb (Mgi Nbci-i) ) Os , P 
b (Zn. Nbd o ) Os -BaTiOs , Pb (Z 
ni Nb<i-i) ) O3 -Pb (Fev Wd v) ) O3 - 
Pb (Fe^ Nbd-,) ) O3 , Pb (Zn^ Nb 
<i-i) ) Os -PbTiOs -BaTiOs , Pb (M 
gi W(i ») ) O3 -PbTiOs -PbZrOa , P 
b (Mgx Nbd-o O3 -PbTi03 -Pb (Mg 
, Wd-,) ) O3 . Pb (Mg, W(i-i) ) Os -Pb 

(ZrrTiOd-y) ) Os +ZnO, Pb (Mgi N 
bd-,) ) O3 -PbTiOs -PbO. Pb (Fe, 
Nbd-o ) O3 -Pb (Mg, Nbd-,) ) O3 . 

(1-Z) PbTiOs -Z (La2 Os ) /5:i:027C 
j^tfcJi37nJS«a^^n3fx;^)-r hfb'&«4> (Pb« 
Baci-i) ) ZrOs , S r, Pbd-D T i O3 , P 
LZT{(Pb(i-i) La.) (Zr, Ti^) 

(I -I/O 03 } n.^(D\\L-^mif'^M^n'^-. 

[0 0 8 3] @®3^i?>^A''J'i^A£SiptLfe«;>*i 
UTJJ, 9^^>KA'U':'ABaTi03 , 5^;S'>^Xh 
n>5''>AS r T i Os , v;i/=i>S*;l''>"^AC a Z 

r03 , 5^3'>K:^/;l/v'j7AC aT i O3 tS-Ett^hM^ 
n^f)^. '^m^tmn,mi%h\^X\t. (Ba- Sr 
d-i) ) (Sn, Tld-,) ) O3 , Ba (Til Sn 
d-o ) Os , Ba, Srci-i) T i O3 , BaTiO 
s -CaZrOs , BaTiOs -Bi4 Tis O12, 
(Ba, Caci-i) ) (Z r, T i Oci-v) ) O3 fS-E 

[0 0 84] imw-^^thx\t. :^mm±ys.y^ 

[0 0 8 5] m%^mmm.)^mt^x\t. "ik^oho^ 
^mho^i)^. #('ffSLVi««. mm<Dmm\zt!)Vi^ 
^'yjv^tx^uym^mmmm'r^r^ u)hs*m 
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(mm) /S (SKIi) =2 0wm/2 0|(imO«H/'^ 
[0 0 8 6] m%'\&^-7. V^m^^Tty^yf77. • f 

[0 0 8 7] ;5''J->v-H®'y^7*-Jl/C»#:S:ffl 
[0 0 8 8] ^cD=t5tI~>-h«ffi{cBlf^0^ft, Stfi 

la, 9 0~1 3 O'COSSTS 0~2 0 0 kg/cm^ 20 

[0 0 8 9] 'Jk\-Z. tt^K'^CTitaOv-h^ffifigUT 

8 5 0- 1 0 0 ox:©figi?ic 

»#rfl«^LT*6»l&jifi£-r-5= 7;L'5:J-^m7;1.5 
^A^^'hS^TB, 1 6 0 O'CSaoiaiSTl&eMid^ 

^^Tttl^!fe•rs, cu, w, mo, w-Mo7fe^o##;-e ^ 

u, W, Mo, W-MoT«^JgS3-l 0 0 p pm^ 
Si5;5tS«fe5Vi}J7;P:f>;'a:a:0*tt^;x*fc 

0 ~ 6 0 0 -CT 5 ^^-i^BtreW^LfcIt, 8 0 0- 1 6 

0 o'c©fiSTi:iifrBiift»LT*^c-fe5^ >y^x#sa 

[0 0 9 0] SJiK^©#l*«*tSS-rS^?NMtt2 
5 0 p pmKTTcfe5::i;^W^bt^o 

0 0ppm£iT, <ti3if*L'<tJ5 0 p pm£tTTa& 
So 50 



#M¥ 7-135386 

[0 0 9 1] 

TM*%Tgt)-ro 
[0 0 9 2] il;iMi~i 0 
A. 

®9 9. 5%|iE«©7;l'5'tl&* : 7w 
m, itSffiai. Im^ /g®J$!K!|i&*„ 

IS5. Om2 /g©I^<^l^*o 

-) ©*5 0%, :?f57.1?}*5 0%, W5Xffi/S,tt. 
SiOs ;60, CaO;20, AI2O3 ;20, M 
gO ; 5, B2 O3 ; 5, T i O2 ; 3T&So :W^X 
«^*t3:^®7h7^3'-(CT««&*b, »*0^^^e^ 
2. 2/im, itSSa, 1. 5m« /g©!^!^*^?^ 

B. '^mm^m 

<^-^Wm ; 77^SS^ft ; X5^>IV (Sudan ) 
ft^; C2iH2oN4 O, 3 8 0. 4 5 

; 7'J%Vm ; :t'f ;Wxn-OB (Oil Ye 

How OB ) 

fc^iCjCHa C4 H4 N:NCioH4 NH2 , 
M; 2 6 1. 3 3 

c. jpu-^-A'-r^y 

4 0%©^:$'7i7'J;t^K (MAA) , 3 0 %©>^g^;i/;< 
^7^iJ^-h (MMA) *Jj;I/3 0%®X5'^> (S 
t) 1S^^ts.^^'&.-^W-<nfi)\t^^i/)^& (MAA) \zn 
bTO. 4S» (4 0%[;ffiS-r§) Oi^Uv'v'JM^ 

7i^'JW-h (GMA) Sf=fJnS^6:$-frfc#Uv-o # 

[0 0 9 3] D. 3tSJiStt^ll^#( (t/V-) 
hU^5"c-;i/- :/n;'?>- hU7^U7-h 

E. ^ 

-l'y>^nt°;i/7;Vn-;]/ (ipa) > v^?;i/7;i/n-;i/ 

(BA) :feJ;tX><?;^X^;l'^rh> (MEK) ©ii-&^ 
ffi (1 6 : 2 : 8 2) 

F. ^M'&Mte^J 

a-73y ■ 7-feh7xy>S:#iJV-t*yv'-i:0 

iH^tlt^f LT2 0 
[0 0 9 4] G. ifSSI 

2. 4-vX5';i/5^:t+-y->h>Si}^'J-7-i^:y7- 
t ©i^tr^f LT 2 0 %^J[lLfco 
[0 0 9 5] H. Bia^J 

>>:;^5";i.7^'P-h (DBF) ^/j^'j-^-i^y^-i 

©i^tCji^bT3 0 %^JllLfco 

[0 0 9 6] I. ^>m^j 

:*J5^t>*fctt "7n-k>" (G-7 0 0, > 
®gl?^XX5";HS) a-fe^^'y^'Xl&^lCML.Tl. 5 
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[0 0 9 7] <i^U->->-h©f^lS> 

A. w«fcfbi?;i/®fp» 

[0 0 9 8] B. ^mmm^mm. 

%) ffSU -rV7'ntf;i.7;i/n-;> (ipa) tr^)» 

#k-^S)HV>T, 1 5 0~2 0 0'C©iaST$^jib. 
[0 0 9 9] C. X7'J-W» 20 

m\zT2 mmumLTTsyu-mmirc. f^stfc 

RVDV-II+) X'meBi5 0 r pmTiJ£LT2 0 0 
0 c p sT?2&ofco 

[0 1 0 0] X7U-ffliS&gi*5j;tK*2te:S-r. 30 
[0 10 1] D. i^'J->v-hOfPS 

^^•JI/Att/k-KtO^Vyr^SO. Tmmtb, 

fc. #5)nfei^U->>'-MZ)liJ?«l 4 5-1 5 5/i 

mXh-oTc. 

[0 10 2] E. nye. Mm 

m fiS9 0"Ct4 04^Jn?lfeU 

'AlZ^ai^-^X^^m^XmQ 0 u.m(D^4 7-i^-)VWL 40 
3 0 0 0*S:#-r-5i7DATX^SfflViT> ±ffl;5>Se 
iff JE*®fl"S:1£ffl LTB^» 2 5 0 m J / c 

[0 10 3] F. -if-f r*-;i'!r«#a®E^)^ 

mx9>ify.f-> (±y ^y ^ :^m^Q^m\^>rct 
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Tct^) ^Tcurn ('ty^y^:>.^m(3)^m^rztm 

[0 10 4] G. mw-n^~>mfik 

Tz 'J - h HlM^tttiJ' >i^Xx >'^-X h 
Xh^, Q)(D^y7.-±yS.y^7.(Dif^)->z/-h\Z 

[0 10 5] 1. m^mmm^-xhomi 
1-1 

®ffi-A"7-;^'>A^^S* (;^^ 5%) 

[0 10 6] ®mm^ ; ^H#:^^^CD3Fi^KTS3. 0 
<im, JtSHffiO. 3 2m2 /gSWr§«&*S<£ffiL 

[0 10 7] {3)3'>^^Xx>«&* ; #H#:j^H^O¥i^fi[ 
^g2. Ojtim, itmmm. 2m' /e^^tm^ 

[0 10 8] ±SB®»«it*S:^n€n^-X HfflsKi 
bT8 9%*JnL&. 

[0109] 1-2 JpiJ-^-AW^-y- 
4 0%(D><^7i7U;U^ (MAA) , 3 0 %(D^=^}V>'- 
^7^U\y-h (MMA) *5j;r>'3 0 %©X?U-> (S 
t) )0i^S:-&*a^#:®:i7;k4^4^->;l/S (MAA) izM 
LXO. 4aM (4 0%CffiS-r^) ®i5^U>'>';P^3' 
7^UU~h (GMA) i£f=fJnfi^£:^-&fc:il?U-7-o # 
'jT-0K«ttl 0 OXh-DTc. #'JV-S6%^JPL 

[0 110] 1-3 t/T— 

[0 111] 1-5 •ffyT.yUyh 

mittDvy^^A (5. 0) . ffiftMis (2 8. 1) . m 
it^^m (2 5. 0) , ^mit^^m (22. s) . m 

ft^-h'J-^A (8. 8) , ||ft>?;I.3X'>A (4. 5) 
*3a;yt7;V5^ (5. 8) ?£#tJm^®;9^X7U-;/h 

^ 1 ^ML-fco 

[0 112] 1-4 mm 
1-5 ytm^mm 

a -75/ • 7-tbXxy>S2%*JlJLfc (^UV- 
t^/-?~t(Dm$i\zMl'X2 0%) o 
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[0 113] 1-6 nISSlJ 
'J^^J-yvV^V-Y (DBF) SO. 6%^JqUfc 

U T-© 1 0 %) „ 

1-7 lissij 

[0 114] 1-8 JfSM 

p-j'^^'ji/ysysmSKx^^ji/xxT-jp (epa) 

[0 115] l-9#tSHt^;K?)f^» 

[0 116] 1-10 ^S^-XhfPfi 

-X h SfPSLfco ^-X b Offi^&a 2 t^T. 

[0 117] I - 1 1 WA 
±E©^-X hS3 2 0 ^'y>'a©#'JXX7-;i/S60X 
i'U->£fflV^T5''J->v— hiC-^^CBJJiiiJL, 8 0 
t:T4 0^}-W^&^LT|£j^|Lfc. ?SjS^O^^Il©J?^(. 

[0 1 1 8] 1 12 g)^, MM 
ifBTflsSLfcm^Mt 3 0-5 0 MmOil«l;4[iIP&y^ 
^ - > L it ^ D A -r X ^ V^T -hfflyO^ 5 S3t 
M, 5 0 OmJ/cm^ TJfil^^ftS^tL/fc. i^Il2 5^ 

[0 119] H. mm 

Tffi*-aia, 12 0'CT, 150kg/cm2 OJE:^T 
5^*^&^5^S-fe7^yi7Xi^U->">- 

[0 12 0] I . i^te 
#e.tlfc 5 S®fflS#:t::?l'^Tffi«#:®:»^tJ> 5 0 0 
'CTSa^'T 1 Bf rBl, «S#:©:®-&t3:, 5 0 O'CTK* 
S 1 0 p pm#?:J'$3^:«fX«f>T2 4^M#RFLTji^S 

-f h0->-htt9 5 Ot:T. ^J5X— fe75-;/i?X<Z)-> 

-hagoo'CTi. 5Kfra#^bTfTo&o 

[0 12 1] iS'>yXx>S«*tbfc^U->>'-h 
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(rjv5:j-»->-h) HH2 am) :^fxtN2 (s 

^) :tfX»H^tfT5 0 0'CT2 4©m©^^£ffVi, 

ffijn'r>m 1 6 o o'coMStcxi. sWfMft^i/ 
[0 12 2] J. 9^)-yy-v<mmm. 

X - -fe 5 5 ^7 X © 3 as© U - > h V>TJI 
5 0 0mJ/cm2 T^^HS^b, i^'J->x 

[0 1 2 3] K. Mi 

mm^itm^xnmm (thb) m^n-DTz. 

■c, mms5%<Dmm.m s o ostw^m iSi&ji 
rait;: 5 0 vow-mmmmMLTmB&mm^Lrcc 

ife«^Sl^3j;afg2(c^Lfc, «#:M©JtfiKtt4S 

^ [0 12 4] :ioj;5tMt:tto<^lis^tr^u-> 

-;i/SJI^J?£L, 3 5lr^7fett«€^-XhCJ;f3A^- 

fc a © X i"j - >;^^'ij^®f=c <- •fe;i/7r^'f^>ht7i 
[0 12 5] ^rc<y^7t^'-)vm^2'^3i^rS}^%^ 

[0 12 6] $6t;7*bUVi^77^ffiTJg*SLfciiS 

»n^~y(Dmmmmmmmtrs.^rz&cAQ. ca 
u\z^^/^^~ymmi^mtts:r), «#;0ssK©«^ 

©^ni^^X-t.-Xti^-S. i:<(c:i 0 OMHza±©R 

[0 12 7] ^TzytmitLTc^v-yy-him^o)^ 

mH:(Dy~hi)^l. 4MPa}CML/T2. 7~10. 0 

[0 12 8] 
[*1] 
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